critical flow orifices configured to provide a substantially constant amount of fluid How 
through the support member into the opening during use. 

35 1 9. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured to provide a flow of fluid into the 
opening during use. 

3 520. The system of claim 3495/ further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 

3521. The system of claim 3495. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3522. The system of claim 3495. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3523. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at ajunction of the overburden 
casing and the opening. 

3525. The system of claim 3495. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

5 3526. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

10 3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, w herein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

1 5 flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 

3528. The system of claim 3495. wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyzc at least some hydrocarbons in the selected 

20 section. 

3529. A system configurable to heat a coal formation, comprising: 

at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
25 in a 3-phase Y configuration, and wherein at least the three insulated conductors are 

further configurable to provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 
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3510. The svstom ofc'laim S529. «herc,n al least tlK three insulated conductors are 
further configurable to generate heal during application -fan electrical current to a. leas, 
the three insulated conductors during use. 

5 3531. The system of claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 

3532. The system of claim 3529. further comprising a support member and a centralizer, 
wherein the support member is configurable to support at least the three insulated 

,0 conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529. wherein the opening comprises a diameter of at least 
approximately 5 cm. ... 

15 

3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configurable to generate substantially no 
heat. 

20 

3535. The system of claim 3529. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

25 3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 

3537. The system of claim 3529. further comprising at least one lead-in conductor 
30 coupled to at least the three insulated conductors with a cold pin transition conductor. 
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353K. The svstem of claim 3529. further comprising at least one lead-in conductor 
coupled to atleast the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3539. The system of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3540 The svstem of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3541 . The system of elaim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor composes a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

W The svstem of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3544. The sy stem of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
) electrically insulating material comprises magnesium oxide. 



3545. The sNstcm of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3546. The system of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3547. The system of claim 3529. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 

3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3549. The system of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3550. The svstem of claim 3529. wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. 

, 355 1 . The system of claim 3529. further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
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orifices configurable to provide fluid flow through the support member into the opening 
during use. 

3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical How orifices configurable to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configurable to provide a flow of fluid into the 
opening during use. 

3554. The system of claim 3529. further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 



3553. 



The system of claim 3529. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3556. The system of claim 3529. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system of claim 3529. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3558. The system of claim 3529. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 




formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
5 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

10 3560. The system of claim 3529. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

15 3561. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

20 flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 

3562. The system of claim 3529. wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

25 section. 

3563. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least three insulated conductors to provide heat 
to at least a portion of the formation, w herein at least the three insulated conductors are 
30 disposed within an opening in the formation; and 
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allowing the heat to transfer from at least the three insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further composing supporting at least the three 
5 insulated conductors on a support member. , 

3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizer. 

3566. The method of claim 3563. wherein the provided heat comprises approximately 
500 W/m to approximately 1 1 50 W/m. 

3567. The method of claim 3563. wherein at least the three insulated conductors 

,5 comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3568. The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 

,0 conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 

comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight 

3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 

25 conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy- 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3570. The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 

30 electrically insulating material comprises magnesium oxide. 



3571 . The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

5 

3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

10 3573. The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wherein the grain particles are configured to occupy 
porous spaces within the magnesium oxide. 

15 

3574. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. 

20 

3575. The method of claim 3563. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stain 



less 



steel. 



3576. The method of claim 3563. further comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the support member. 
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3577. The method of claim 3563. further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount ol 
fluid into the opening through critical flow orifices in the support member. 

3578. The method of claim 3563. wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a fluid into the opening through the perforated tube. 

3579. The method of claim 3563, wherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method further comprising flowing a 
substantially constant amount a fluid into the opening through critical flow orifices in the 
tube. 

3580. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 

3581 . The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 

3583. The method of claim 3563. further comprising monitoring a leakage current of at 
least the three insulated conductors. 



3584. The method of claim 3563. further comprising monitoring the applied electrical 
current. 




3585. The method of claim 3563. further comprising monitoring a voltage applied to at 
least the three insulated conductors. 

3586 The method of claim 3563. further comprising monitoring a temperature in at 
5 least the three insulated conductors with at least one thermocouple. 

3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

10 

3588. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor. 

3589. The method of claim 3563, further comprising electrically coupling a lead-in 

1 5 conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3590. The method of claim 3563, further comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, and wherein the overburden casing comprises steel. 

3592. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

30 
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3593. The method of claim 3563. further comprising coupling an overburden casing to 
the opening, wherein the overburden easing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
5 ( 

35 ( )4. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

10 

3595. The method of claim 3563. further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the hydrocarbons within the 
formation. 

15 35%. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the first conductor 
20 to a section of the formation during use. 

35 ( >7. The system of claim 3596. wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

25 3598. The system of claim 3596. wherein the first conductor comprises a pipe. 

3599. The system of claim 3596. wherein the first conductor comprises stainless steel. 

3600. The system of claim 3596. wherein the first conduit comprises stainless steel. 
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3601 . The system of claim 3596. further comprising a central i/er configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 3596, further comprising a centrali/.er configured to maintain 
5 a location of the first conductor within the first conduit, wherein the centralizer comprises 

ceramic material. 

3603. The system of claim 3596. further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 

10 ceramic material and stainless steel. 

3604. The system of claim 3596. wherein the opening comprises a diameter of at least 
approximately 5 cm. 

1 5 3605. The system of claim 3596. further comprising a lead-in conductor coupled to the 
first conductor, wherein the l^ad-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
20 first conductor, wherein |he lead-in conductor comprises copper. 

3607. The system of claim 3596. further comprising a sliding electrical connector 
coupled to the first conductor. 

25 3608. The system of claim 3596. further comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3609. The system of claim 3596. further comprising a sliding electrical connector 
30 coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 

3610. The system of claim 3596. further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than the first conductor or the second conductor during 
use. 

3611. The system of claim 3596. wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3612. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 

3613. The system of claim 3 596. further comprising a thermally conductive fluid 
disposed within the first conduit. 

3614. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 

361 5. The system of claim 3596. further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 




3616. The system of claim 3596. further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 

5 of the first conduit during use. 

361 7. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant heat of approximately 650 W/m to approximately 1 650 W/m during use. 

10 3618. The system of claim 3596. further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configured to 

15 operate in a 3 -phase Y configuration during use. 

3619. The system of claim 3596. further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

20 

3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

25 362 1 . The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3622. The system of claim 3596, further comprising an overburden casing coupled to 
30 the opening, u herein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3<>23. The svstem of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 

3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at ajunction of the overburden 
casing and the opening. 

10 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, w herein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at ajunction of the overburden casing 
and the opening, and wherein the/ packing material is further configured to substantially 

1 5 inhibit a flow of fluid between the opening and the overburden casing during use. 

3626. The system of claim 3596. further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 

20 first conductor. 

3627. The system of claim 3596. further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 

25 first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 

3628. The system of claim 3596. further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 

30 casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 
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3629. The system of claim 3596. wherein the heated section of the formation is 
substantially pyrolyzed. 

3630. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and 

wherein the system is configurable tt) allow heat to transfer from the first 
conductor to a section of the formation during use. 

3631 . The system of claim 3630, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3630. wherein the first conductor comprises stainless steel. 

3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 

3635. The system of claim 3630. further comprising a centralizcr configurable to 
maintain a location of the first conductor within the first conduit. 

3636. The sy stem of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 

3637. The system of claim 3630. further comprising a centralizer configurable to 
maintain a location of the first conductor w ithin the first conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3()38. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

5 3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 3630, further eomprisit^ a lead-in conductor coupled to the 
10 first conductor, wherein the lead-in conductor comprises copper. 

3641 . The system of claim 3630. further comprising a sliding electrical connector 
coupled to the first conductor. 

! 5 3642. The system of claim 3630, further comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3643. The system of claim 3630, further comprising a sliding electrical connector 

20 coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The system of claim 3630. further comprising a second conductor disposed within 
25 the first conduit and at least one sliding electrical connector coupled to the first conductor 

and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. 



30 3645. The system of claim 3630. wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 




second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first conduit during use. 

3647. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit. 

3648. The system of claim 3630. further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 

3649. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 

3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

3651 . The system of claim 3630. wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

3652. The system of claim 3630. further comprising a second conductor disposed w ithin 
a second conduit and a third conductor disposed w ithin a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configurable 
to operate in a 3-phase Y configuration during use. 

5 3653. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

3654. The system of claim 3630. further comprising a second conductor disposed within 
10 the first conduit, wherein the second conductor is electrically coupled to the first 

conductor to form an electrical circuit with a connector. 

3655. The system of claim 3630. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

15 formation. 

3656. The sy stem of claim 3630. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

20 

3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

25 3658. The system of claim 3630. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

30 3659. The svstem of claim 3630. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

5 3660. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 

10 3661 . The sy stem of claim 3630. further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 

15 

3662. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable/to support the substantially low resistance conductor 
within the overburden casing. 

20 

3663. The system of claim 3630. wherein the heated section of the formation is 
substantially pyrolyzed. 

3664. An in situ method for heating a coal formation, comprising: 

?5 applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 

30 3665. The method of claim 3664. w herein the first conductor comprises a pipe. 
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3666. The method of claim 3664. wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664. wherein the first conduit comprises stainless steel. 

5 3668. The method of claim 3664. further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer. 

3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer. wherein the centralizer comprises 

10 ceramic material. 

3670. The method of claim 3664. further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer. wherein the centralizer comprises 
ceramic material and stainless steeJ. 

15 

3671. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 

3672. The method of claim 3664. further comprising electrically coupling a sliding 

20 electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead configured to complete an electrical circuit with the first 
conductor. 

3673. The method of claim 3664. further comprising coupling a sliding electrical 

25 connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generated by the first 
conduit. 

30 3674. The method of claim 3664. wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 
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3675. The method (if claim 3664. further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

3676. The method of claim 3664. further comprising monitoring the applied electrical 
current. 

3677. The method of claim 3664. further comprising monitoring a voltage applied to the 
first conductor. 

3678. The method of claim 3664. further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3679. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3680. The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3681. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3683 . The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden easing is disposed in an overburden ot the 
formation, and wherein the method further comprises inhibiting a How of fluid between 
the opening and the overburden casing with a packing material. 

5 

3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically- 
coupled to the first conductor. 

10 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and/wherein the substantially low resistance conductor 

15 comprises carbon steel. 

3686. The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 

20 coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. 

3687. The method of claim 3664. further comprising electrically coupling a lead-in 
25 conductor to the first conductor, wherein the lead-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3688. The method of claim 3664. further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 

30 
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3689. The method of claim 3664. further comprising maintaining a sufficient pressure 
between the first conduit and the formation to substantially inhibit deformation of the 
first conduit. 

3690. The method of claim 3664. further comprising providing a thermally conductive 
fluid within the first conduit. 

3691. The method of claim 3664. further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693. The method of claim 3664, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 

3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 

3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. 

3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. 

3697. The method of claim 3664. wherein a second conductor is disposed within a 
second conduit and a third conductor is disposed within a third conduit, wherein the 
second conduit and the third conduit are disposed in different openings of the formation. 



wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and third conductors are configured to operate 
in a 3-phase Y configuration. 

5 3698. The method of claim 3664. wherein a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is less than heat generated by the first conductor or the second 
conductor. 

10 

3699. The method of claim 3664, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than hea/radiated from the first conductor to the section 

1 5 along the second section of the conduit. ■" 

3700. The method of claim 3664. further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 

20 3701 . The method of claim 3664, further comprising disposing a perforated tube 

proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 

3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyralyze at least some of the carbon within the formation. 

25 

3703. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; 

a second conductor disposed in a second conduit, wherein the second conduit is 
30 disposed within a second opening in the formation; 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
arc electrically coupled in a 3-phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at least a portion of the formation 
5 during use; and 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein the first, second, and third conductors are 

l o further configured to generate heat during application of an electrical current to the first 
conductor. 

3705. The system of claim 3703. wherein the first, second, and third conductors 
comprise a pipe. 

15 

3706. The system of claim 3703, wherein the first, second, and third conductors 
comprise stainless steel. 

3707. The system of claim 3703. wherein the first, second, and third openings comprise 
20 a diameter of at least approximately 5 cm. 

3708. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

3709. The system of claim 3703. further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 
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3710. The system of claim 3703. further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 

5 371 1. The system of claim 3703, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 

3712. The system of claim 3703, wherein each of the first, second, and third conduits 
10 comprises a first section and a second section, wherein a thickness of the first section is 

greater than a thickness of the second section ^uch that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

15 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits. wherein/the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

20 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, secohd. and third conduits. 

3715. The system of claim 3703. further comprising a thermally conductive fluid 

25 disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 

3716. The system of claim 3703. further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 

30 between the first, second, and third conductors and the first, second, and third conduits 
during use. 
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3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 

5 heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 

10 further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3719. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 

15 casing is disposed in an overburden of the formation. 

3720. The system of claim 3703. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 

20 overburden casing comprises steel. 

3721 . The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and w herein at least the one 

25 overburden casing is further disposed in cement. 

3722. The system of claim 3703. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 

30 disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 
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3723. The system of claim 3703. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
5 disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configured to substantially inhibit a 
ilow of fluid between the first, second, and third opening and at least the one overburden 
casing during use. 

10 3724. The system of claim 3703. wherein the heated section of the formation is 
substantially pyrolyzed. 

3725. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
1 5 conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within a third opening in the formation, wherein 
20 the first, second, and third conductors are further configurable to be electrically coupled 
in a 3-phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system is? configurable to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

25 

3726. The system of claim 3725. wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical current to the first 
conductor. 

30 3727. The system of claim 3725. wherein the first, second, and third conductors 
comprise a pipe. 
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3728. The system of claim 3725. wherein the first, second, and third conductors 
comprise stainless steel. 

3729. The system of claim 3725, wherein the first, second, and third opening comprise a 
diameter of at least approximately 5 cm. 

3730. The system of claim 3725. further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

373 1 . The system of claim 3725. further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 

3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 

3734. The system of claim 3725. wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 
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3735. The system of claim 3725. further comprising a fluid disposed within the first, 
second, and third conduits, wherein the iluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

3736. The system of claim 3725. further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 

3737. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 

3738. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3740. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3741 . The system of claim 3725. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casino, is disposed in an overburden of the formation. 
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3742. The svstem of claim 3725. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and w herein at least the one 

5 overburden casing comprises steel. 

3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 

l o overburden casing is further disposed in cement. 

3744. The system of claim 3725. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 

1 5 disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. / 

3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 

20 casing is disposed in an overburden of the formation, wherein a packing material is 

disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

25 

3746. The system of claim 3725. wherein the heated section of the formation is 
substantially pyrolyzed. 

3747. An in situ method for heating a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
5 portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a second opening in the formation: 
applying an electrical current to a third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 
1 o allowing the heat to transfer from the first, second, and third conductors to a 

selected section of the formation. 

3748. The method of claim 3747, wherein the first, second, and third conductors 
comprise a pipe. 

15 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
20 stainless steel. 

3751. The method of claim 3747. wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

25 3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 

3753. The method of claim 3747, further comprising monitoring the applied electrical 
30 current. 




3754. The method of claim 3747. further comprising monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747. further comprising monitoring a temperature in the 
first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747. further comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. 

3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 

3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 

3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 
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less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising Hewing an oxidizing tluid through 
5 an orifice in the first, second, and third conduits. 

3763. The method of claim 3747, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

10 3764. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a conduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor with a connector, and wherein the first and 
15 second conductors are configured to provide heat to at least a portion of the formation 
during use; and 

wherein the system is configured to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

20 3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. 

25 

3767. The system of claim 3764. wherein the first and second conductors comprise 
stainless steel. 

3768. The system of claim 3764. wherein the conduit comprises stainless steel. 
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3769. The system of claim 3764. further comprising a eentrali/er configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764. further comprising a centralizer configured to maintain 
5 a location of the first and second conductors within the conduit, wherein the centralizer 

comprises ceramic material. 

3771. The system of claim 3764. further comprising a centralizer configured to maintain 



a location of the first and second conductors withih the conduit, wherein the centralizer 
10 comprises ceramic material and stainless steel. 

3772. The system of claim 3764. wherein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3773. The system of claim 3764. further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 3764, further comprising a lead-in conductor coupled to the 
20 first and second conductors, wherein the lead-in conductor comprises copper. 

3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 

25 first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3776. The system of claim 3764. further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 

30 inhibit deformation of the conduit during use. 
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3777. The system of claim 3764. further comprising a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

i 

3779. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. 

3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

378 1 . The system of claim 3764. wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3783. The system of claim 3764. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3784. The system of claim 3764. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing materia! is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3787. The system of claim 3764. wherein the heated section of the formation is 
substantially pyrolyzed. 

3788. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a conduit, wherein the conduit is 
configurable to be disposed within an opening in the formation: and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable to be electrically coupled to the first conductor with a 
connector, and wherein the first and second conductors are further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

3789. The system of claim 3788. wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3790. The system of claim 3788. wherein the first and second conductors comprise a 
) pipe. 



756 




3791 . The system of claim 3788. wherein the first and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the conduit comprises stainless steel. 

5 

3793. The system of claim 3788. further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 

3794. The system of claim 3788, further comprising a centralizer configurable to 

10 maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material. 

3795. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and/second conductors within the conduit, wherein the 

15 centralizer comprises ceramic material and stainless steel. 

3796. The system of claim 3788, wherein the opening comprises a diameter of at least 
approximately 5 em. 

20 3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3798. The system of claim 3788. further comprising a lead-in conductor coupled to the 
25 first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The sy stem of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 

30 first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 
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, 8 „0 The system of chum riU. further ^ a fluid disposed within the conduit, 
inhibit deformation ol'thc conduit during use. 

380, . The system of claim 3788. further comprising thermally conducive fluid 

disposed within the conduit. 

3802 The system of claim 3788. further comprising a merely conducive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises hehum. 

3803 The system of claim 3788. further comprising a nutd dtsposed within the condui, 
wherein the fluid is configurable ,0 substantia,* inhibit arcing between the hrs, and 
second conductors and the conduit during use. 

3804 The system of Cairn 3788. further comprtsing a tube disposed within the opening 
externa, to the conduit, w herein the tube is configurable to remove vapor produced from 
at leas, the heated portion of the formation such that a pressure balance is matntaine 
between the condui, and the opening ,„ substantially inhibit deformation of the condutt 

3 during use. 

3805 The svs.em of Cairn 3788. wherein the fir,, and second conductors arc further 
configurable ',o generate radian, hea, of approximately 650 W/m to approximately 1650 

W/m during use. 

* 3806 The svslcm of claim 3788. further comprising an overburden casing coupled ,0 
the opening, where,,, „,c overburden easing is disposed ,„ an overburden o, the 

formation. 



758 



3807 The svstem of claim 3788. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

1808 The svstem of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3809 The system of claim 3788. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing materia, is disposed at a junction of the overburden 
casing and the opening. 

3810 The svstem of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed a, ajunction of the overburden castng 
and the opening, and where.n the packing material is further configurable to substantta.ly 
inhibit a flow of fluid between the opening and the overburden casing dunng use. 

381 1. The system of claim 3788. wherein the heated section of the formation is 
substantially pyrolyzed. 

38P \a in situ method for heating a coal formation, comprising: 

applying an electrical current to a, least two conductors to provide heat to a. leas, 
a portion of the format.on. wherein a. leas, the two conductors are disposed wtthm a 
conduit, wherein the conduit is dtsposed within an opening in <hc formatton. and wherem 
a, leas, ,he two conductors are electrically coupled with a connector, and 

allowing hea, ,o transfer from at leas, the two conductors to a selected sec,™ o, 
the formation. 

; )81 3. The method of claim 381 2. wherein at leas, the two conductors comprise a pipe. 
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3m The method ofdain, »«. — ,n a, leas, the , W conductors comprise siamless 



steel. 



5 3 ».5. The method of Cairn 3812. wherein the conduit comprise stainless steel. 

38,6. The method of elarm 38.2. further comprising maintaining a loeatton of at least 
the wo conductors in the conduit with a centralize, 

, 0 3817 The method .f claim 3812. funher comprising maintaining a loeatton of a, leas, 
a., two conductors in the condut, «,th a centralize, wheretn the centralizer comprtses 

ceramic material. 

38,8 The method of claim 3812, Wrther comprising maintaining a location of a, least 
, 5 ,he two conductors m the conduit with a centralize, wherein the centner comprises 

ceramic material and stainless steel. 

38.9. The method of ela,m 38.2. wherein the provided hea, comprises approximately 

650 W/m to approximately 1650 W/m. 

38^0 The method of claim 3812. further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the eondu,,. 

3821. The method of claim 38,2. further comprising momtonng the applied electrical 
25 current. 

3822. The method ofclaim 38.2. further comprising monitoring a voltage applied to at 

least the two conductors. 

30 3823. The method ofclaim 3812. further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 
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3824. The method of claim 3812. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3825. The method of claim 3812. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

,0 3826. The method of claim 3812. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3827. The method of claim 3812. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3828. The method of claim 381 2. further comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3829. The method of claim 3812. further comprising maintaining a sufficient pressure 
25 between the conduit and the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit. 

30 3831. The method of claim 3812. further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 
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383^ The method of claim 3812. further comprising inhibiting arcing between a, least 
lhc two conductors and the eondt.it with a fluid disposed within the conduit. 

3833 The method of claim 3812. further comprising removing a vapor from the 
opening using a perforated tube disposed proximate, to the conduit in the opening to 
control a pressure in the opening. 

3834. The method of claim 3812. further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

383S The method of claim 3812. wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that hea, radiated from the first conductor to the section along the 
first sectton of the conduit is less than hea, radiated from the first conductor ,0 the section 
along the second section of the conduit. 

3836. The method of claim 3812, further comprising flowing an oxidizing fluid through 

an orifice in the conduit. 

3837 The method of claim 3812. further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3838 The method of claim 381 2. further comprising heating a. leas, the portion of the 
formation to substantia^ pyrolyze a. least some of the carbon within the formation. 

3839 A svstem configured to heat a coal formation, comprising: 

a, leas, one conductor disposed in a condui,. wherein the conduit is disposed 
within an opening in the formation, and wherein a. least the one conductor is configured 
, to provide heat to at least a first portion of the formation during use: 



at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use. and wherein heat provided by at least the one 
shding connector is substantially less than the heat provided by at least the one conductor 

5 during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

3840. The system of claim 3839, wherein^ least the one conductor is further 

10 configured to" generate heat during application of an electrical current to at least the one 
conductor. 

3841 . The system of claim 3839. wherein at least the one conductor comprises a pipe. 

15 3842. The system of claim 383.9. wherein at least the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 

20 3844. The system of cUim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 

3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 

25 comprises ceramic material. 

3846. The system of claim 3839. further comprising a centralizer configured to maintain 
a location of at least the one conductor w ithin the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3847. The system of claim 3839. wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839. further comprising a lead-in conductor coupled to at 
5 least the one conductor, wherein the lead-in conductor comprises a low resistance 

conductor configured to generate substantially no heat. 

3849. The system of claim 3839. further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

10 

3850. The system of claim 3839. wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 

1 5 along the second section of the conduit. 

3851 . The system of claim 3839. further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

20 

3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, 

3853. The system of claim 3839. further comprising a thermally conductive fluid 

25 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3854. The system of claim 3839. further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between at least the one 
conductor and the conduit during use. 

30 
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',855 The svstem of claim 3839. further comprising a ,uhe disposed within the opening 
external U, the conduit, whercm the lube is configured u, remove vapor produced Iron, a, 
leas, ,l,e hcaied portion of ,he fotmalion sueh ,l,a, a pressure balanee is ma,n,a,ned 
benveen ,he eondui, and ,he opening «, substantially inhibi, dcformaUon of ,be condu,, 

during use. 

3856 The svstem of claim 3839, wherein a, least the one conductor is further 
configured to genera.c radian, hea, of approximately 650 W/m ,0 approxtmately 1650 

W/m during use. 

3857 The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3858 The svstem of claim 3839. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3850 The svstem of claim 3839, further comprising an overburden easing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3860 The svstem of claim 3839, further composing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of ,he 
lorm a,ion. and wherein a packing material is disposed a, auction of ,he overburden 

casing and the opening. 

1861 The svstem of claim 3839. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
„ formation, wherein a packing matena. is disposed a, .junction of the overburden castn 
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imd ,he opening, and whcre.n the ^ is ft*r » —<* 

inhibit a flow of fluid between tlte opening and ,bc overburden casing dunng use, 

3862 The svs.cm of claim 3839. further comprising an overburden easing coupled to 
the open 1 n E andasub St an l ,an y ,„vvre 5 , St a, K eco„due t ordi S po S edwi l hi„ t heover bu ren 

casing, wherein the subs,an,ial,y .ow resistance conductor ,s electrically eoup.ed .„ a, 

least the one conductor. 

,863 The system of elaim 3839. further composing an overburden easing eoupled ,0 
.heopenrngandasubstanttaliyiovvresistanceeonduetordisposedwithintheoverburen 

c a S ,„ g wherein the subs.anfially low ^ eonduetor is eleetrica.iy eoup.ed to a, 
, C as, the one eondueto, and wherein the s„bs,an,ial,y low res,s,ance eonductor composes 
carbon steel. 

3864 The svstem ofebim 3839. further comprising an overburden easing eoupled to 
,he opening and a substantially low resistance eonductor disposed within the overburden 
eastng and a centralist configured to support ,he substanttally low resistance conductor 

within the overburden casing. 

3865. The system of claim 3839. wheretn the heated section of the formation is 

substantially pyrolyzed. 

3866 A svstem configurable to heat a coal formation, comprising: 

a, leas, one conductor configurable to be disposed in a conduit, wherem the 
, condutt is configurable to be disposed within an opening in the rotation, and wheretn a, 
" least the one conductor ,3 further configurable to provtde hca, to at leas, a firs, portion „, 

the formation during use: 

a, leas, one slidtng connector, wherein a, leas, the one shding connector ,s 
configurable to be conned ,0 a, leas, ,he one conduce, wherein a, leas, ,he one sliding 
3 „ conne^cor is further configurable to provide hca, during use. and wheretn hea, provtded 
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by a „cas„ne one sltd.ng connecto, -is s„bs,an„ally less .hun ,he hea, provided by a, leas, 

the one conductor during use; and 

conductor to a section of the formation during use. 

5 , W7 The sv,em of claim 3866. wherein at .east the one conductor is further 

: o „f, g u rab ,;o e enera,ehe a , d ur,n g a P pi,ea„onofa 0 eiee,r,e a l current to a, ieastthe one 

conductor. 

,„ 3868. The system ofelaim 3866. wherein atks, the one conductor comprises a pipe. 
3869. The system of c,a,m 3866. wherein a, teas, the one conductor comprises stainless 

steel. 

,5 3870. The system of claim 3866. wherein the conduit comprises statnless steel. 

387 , The svstem ofelaim 3866. further comprising a centralizer configurable to 
maintain a loca.ton of at leas, the one conductor withm the conduit. 

20 3 872 The svstem ofelaim 3866, further comprising a central.zer configurable to 
maintain a location of at lea* the one conductor within the conduit, wherein the 
centralizer comprises ceramic material. 

38 73 The svstem of claim 3866. further comprising a centralizer configurable to 
25 maintain a location of* leas, the one conductor with.n the conduit, wherein the 
centralizer emprises ceramic material and stainless steel. 

3874. The system of Cairn 3866. wherein the opening comprises a diameter ofat leas, 

approximately 5 cm. 
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W , The svstem of claim 3866. further comprising a lead-in conductor coupled ,o a, 
leas, the one conusor, wherein the lead-in conductor comprises a low reststancc 
eonduclor configurable to generate substantially no heal. 

5 3876. The system of claim 3866. further comprising a lead-in conductor coupled ,„ a. 
least the one conduc.or. wherein the lead-in conductor comprises copper. 

3877 T he svstem of claim 3866. wherein the conduit comprises a first section and a 
second section, wherein a thickness ofthe firs„ection is greater than a thickness o! the 
10 second section such tha, heat radiated from the firs, conductor to the section along the 

firs, seenon of the eondui, is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3878 The system of claim 3866. further comprising * fluid d.sposed wi.htn the conduit. 
I5 „ to etn .he fluid is configurable ,0 maintain a pressure within .he eondui, to substantially 
inhibit deformation ofthe conduit during use. 

3879. The system of claim 3866. further comprising a. hermally conducive fluid 
disposed within the conduit. 
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3880 The svstem of claim 3866. further comprising a .hermally conductive fluid 
d.sposed withm the conduit, wherein the thermally conductive fluid comprises hehun, 

, 881 The svstem of claim 3866. further comprising a fluid disposed within the conduit. 
25 wherein the fluid is configurable to substantially inhibit arcing between a, leas, the one 

conductor and the conduit during use. 

388- The svs,em of claim 3866. farther cotnpnsing a tube disposed within the opening 
external ,0 the conduit herein the tube is configurable to remove vapor produced Iron, 
30 a, leas, ,he hea.ed portion of ,he formafion such ,ha, a pressure balance is matntamed 
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between the comUU. and .he opening u> substantially inblbh deformabon of.be condtn, 

during use. 

,883 The system of claim 3866. wherem a. leas, the one conductor is further 
5 configurable to generate radian, beat of approx.ma.cly 650 W/m to approximated ,650 
W/m during use. 

3884 The svstem of claim 3866. further comprising an overburden casing coupled to 
the opening, wherein the overburden easing is disposed in an overburden ol the 

10 fomiation. 

3885 The svstem of claim 3866. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden oi the 
formation, and wherein the overburden casing comprises steel. 

3886 The svstem of claim 3866, further comprising an overburden easing coupled to 
,he opening, wherein the overburden easing is disposed in an overburden o. the 
formation, and wherein the overburden casing is further disposed in cement. 

M 3887 The svstem of claim 3866. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden ot the 
formation, and wherein a packing materia, is disposed a, auction of .he overburden 

casing and the opening. 

„ 3888 The svstem of claim 3866. ftrther comprising an overburden casing coupled to 
the opening, wherein .he overburden casing is disposed in an overburden ol the 
torm a,,„n. where,,, a packing material is disposed a, a junction of the overburden casing 
and the openine, and wherem ,he packing ma.erial ,s further configurable ,0 substanually 
inhibit a flow of fluid between .he opening and .he overburden ca S ,ng during use. 
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3889 The svs,em of claim 3866. further comprising an overburden easing coupled ,o 
ihe opening and a subs,an,ially low res.stanee conduct disposed wirtiin ,he overburden 
casing, .herein „,e subs,an„a„y low resis.ance conductor ,s electrically coupled U, a, 

least the one conductor. 

3890 The svsiem ofcWm 3866. further comprising an overburden casing coupled to 
ihe opening and a substantially low resistance conductor disposed within me overburden 
casing wherein the substantial^ tow resistane, conductor is electrically coupled to a, 
leas, me one conductor, and wherein the substantially low resistance conductor comprtses 

10 carbon steel. 

38 „ The svstem ofclaim 3866. further comprising an overburden casing eoupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
eastng and a centralis configurable to support the substantially low resistance conductor 

15 within the overburden casing. 

3892. The system ofclaim 3866. wherein the heated section of the formation is 
substantially pyrolyzed. 

2[1 3893 An in situ method foc heating a coal formation, comprising: 

applying an electrical current to at least one conductor and a, leas, one sliding 
connector to provide heat to at leas, a portion of the formation, wherem a, least the one 
conductor and a, least the one sliding connector are disposed within a conduit, and 
where,,, heat provided by a, leas, ,he one conductor is substantially greater ,l,an hea, 
, 5 provided bv at leas, the one sliding connector: and 

allowing the hea, ,„ transfer from a, leas, ,he one conductor and a, leas, ,he one 
sliding connector to a section of the formation. 

3894. The method ofclaim 3893. wherein a, leas, the one conductor comprises a pipe. 

30 
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3895. The method of claim 3X93. wherein a, leas, the one conductor emprises stainless 



steel. 
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3896. The method of claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. 

3898 The method of claim 3893, further comprising maintaining a location of at least 
,0 the one conductor in the conduit with a centralizer. wherein the centralizer comprises 
ceramic material. 

3809 The method of claim 3893. further eomprising maintaining a location of at least 
the one conductor in the conduit with a centralizer, wherein the centralizer comprises 
15 ceramic material and stainless steel. 

3900. The method of claim 3893. wherein the provided heat composes approximately 

650 W/m to approximately 1650 W/m. 

20 3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. 

3903. The method of claim 3893. further comprising monitoring a voltage applied to at 
least the one conductor. 

3904. The method of claim 3893, further comprising monitoring a temperature in the 
30 conduit with at least one thermocouple. 
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3905. The method of claim 3893. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

5 3906. The method of claim 3893. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3907. The method of claim 3893, further comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

1 5 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim 3893. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

20 formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 

25 overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 

3911. The method of claim 3893. further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 

30 overburden casing, wherein the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 

3912. The method of claim 3893. further comprising coupling an overburden casing to 
5 the opening, wherein a substantially low resistance conductor is disposed within the 

overburden casing, wherein the substantially low re/istance conductor is electrically 
coupled to at least the one conductor, and wherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 

10 

391 3. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

15 3914. The method of claim 3893, further comprising electrically coupling a lead-in 

conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 

3915. The method of claim 3893, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

20 

3916. The method of claim 3893. further comprising providing a thermally conductive 
fluid within the conduit. 

3917. The method of claim 3893. further comprising providing a thermally conductive 
25 fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

391 8. The method of claim 3893. further comprising inhibiting arcing between the 
conductor and the conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893. further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

5 3 ( >2(). The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921. The method of claim 3893. further comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

10 

3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, farther comprising heating at least the portion of the 
15 formation to substantially pyrolyze at least some of the carbon within the formation. 

3924. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed within an opening in the formation, 
wherein at least the one elongated member is configured to provide heat to at least a 
20 portion of the formation duriiig use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

3925. The system of claim 3924. wherein at least the one elongated member comprises 
25 stainless steel. 

3926. The system of claim 3924. wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 

30 
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3927. The system of claim 3924. further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

5 3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 

3929. The system of claim 3924, further comprising a support member coupled to at 

10 least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to How a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 

15 

3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use. and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 

20 elongated member during use. 

393 1 . The system of claim 3924. further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. 

3932. The system of claim 3924. further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 



30 



3933. The system of claim 3924. wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3934. The system of claim 3924. further comprising a lead-in conductor coupled to at 
5 least the one elongated memher. wherein the lead-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comfirising a lead-in conductor coupled to at 
least the one elongated member, wherein theTead-in conductor comprises a rubber 

10 insulated conductor. / 

3936. The system of claim 3924. further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

15 3937. The system of claim 3924. further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3938. The system of claim 3924. further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 

20 transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3924. wherein at least the one elongated member is arranged 
in a series electrical configuration. 

25 3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

3941 . The svstem of claim 3924. w herein at least the one elongated member is 
configured to generate radiant heat of approximately 650 WTn to approximately 1650 
30 W/m during use. 
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3942. The system of claim 3924. further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 

3943. The system of claim 3924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3944. The system of claim 3924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, w herein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3948. The system of claim 3924. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a How of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924. wherein the heated section of the formation is 
5 substantially pyrolyzed. 

3950. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein at least the one elongated member is further configurable to 
10 provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

3951 . The system of claim 3950, wherein at least the one elongated member comprises 
15 stainless steel. 

3952. The system of claim 3950. wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

20 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member. 

25 3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3950. further comprising a support member coupled to at 
30 least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings. 
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wherein the openings are configurable to Slow a tluid along a length ofat least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 



use. 



3956. The system of claim 3950, further con^nsing a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
Huid along a length ofat least the one elongated member during use. and wherein the 
fluid is configurable to substantially inhibit carbon deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim 3950. further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location ofat least the one 
elongated member on the support member. 

3959. The system of claim 3950, wherein the opening comprises a diameter ofat least 
approximately 5 cm. 

3960. The system of claim 3950. further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

3961. The system of claim 3950. further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 

i insulated conductor. 
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3962. The system of claim 3950. further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 

3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

10 

3965. The system of claim 3950, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

3966. The system of claim 3950. wherein at least the one elongated member is arranged 
15 in a parallel electrical configuration. 

3967. The sy stem of claim 3950. wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

20 

3968. The system of claim 3950, further composing a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove, vapor from the opening to control a pressure in the opening 
during use. 

3969. The system of claim 3950. further comprising an overburden casing coupled to 
the opening, w herein the overburden casing is disposed in an overburden of the 
formation. 
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3 , 7( , The svstem ol' cWm 5950. further comprising an overburden casing coupled io 
lh e opening, wherein the overburden casmg is disposed in an overburden „■ lhe 
formation, and wherein lhe overburden casing comprises sled. 

3971 The system of claim 3950. further comprising an overburden casing coupled ,o 
the opening, wherein ihc overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972 The svs.cm of claim 3950. further composing an overburden casing coupled to 
the opening, wherein the overburden easing is disposed in an overburden of the 
formation, and wheretn a packing material is disposed at a junction of the overburden 

casing and the opening. 

3973 The system of claim 3950,' further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an ov erburden of the 
formation, wherein a packing material ts disposed a, a junction of the overburden casmg 
and the opening, and wherein the packing material comprises cement. 

3974 The system of data 3950. further comprising an overburden casing coupled to 
,he opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is dtsposed at a junction of the overburden casmg 
and the opening, and wherein the packing materia, is further configurable to substanttal.y 
inhibit a flow of fluid between the opening and the overburden easing during use. 

3975. The system of claim 3950. wherein the heated section of the formation is 
substantially pyroiyzed. 

3976 An in situ method for heating a coal formation, comprising: 

applying an electrical current to a, leas, one elongated member ,„ provide heat to 
„ a, leas, a portion of the formation, vvheretn at least the one elongated member is dtsposed 

within an opening of the formation: and 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

3977. The method of claim 3976, wherein at least the one elongated member comprises 
5 a metal strip. 

3978. The method of claim 3976, wherein at least the one elongated member comprises 
a metal rod. 

10 3979. The method of claim 3976. wherein at least the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member. 

15 

3981. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

20 3982. The method of claim 3976, further comprising electrically isolating at least the 
one elongated member with a centralizer. 

3983 . The method of claim 3976. further comprising laterally spacing at least the one 
elongated member with a centralizer. 

25 

3984. The method of claim 3976. further comprising electrically coupling at least the 
one elongated member in a scries configuration. 

3985. The method of claim 3976. further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 
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3,86. The method ofctate. m wherci,, ihe provided hca, emprise, approximately 
650 W/m 10 approximately 1650 W/m. 

3987 The method of chum 3976. further comprising determining a temperature 
5 distribute in a, leas, the one elongated member using an etoromagnCC s,gnal 
provided ,o at least the one elongated member. / 

3.88. The method of claim 3976. further/omprismg moni.oring ,he applied e.ectncal 
current. 

3.89. 1 he me,h„d of elam, 3976. Umber comprising moni.oring a vohage apphed ,o a, 
least the one elongated member. 

3,90 The method of claim 3976. fttrther comprising monitoring a temperature in a, 
1S leas, the one elongated member with a, leas, one thermocouple. 

3991 The method of claim 3976. further comprising supporting a, least the one 
comprises openings. u* method further comprising flowing an oxid.zing flutd through 

elongated member. 

3, 9 , The methodof c,a,m 3976. further composing flowing an oxidizing fluid through 
a ,ube disposed prox.ma.e ,o a, leas, ,he one elonga.ed member ,„ substantially inh.b,, 
25 carbon deposit,on ; proxima,c to or on at least the one elongated member. 

3,93 The method of claim 3976. further composing flowing an oxidizing fluid through 
a „ opening in a, leas, ,he one elongated member ,o substantially ,nhib„ carbon deposition 
proximate to or on at least the one elongated member. 
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,994 The method ofelaim 3W,. 1'ur.her comprising electrically coupling a lead-m 
c0 „duc,„r u, a, least the one elongated member, wherein the Icad-tn conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

5 3995 The method of Cairn 3976. further comprising electrically coupltng a lead-tn 
conductor to a, leas, the one elongated member using a cold pin transition conductor. 

3,96 The method ofelaim 3976. further comprising electrically coupling a lead-in 
conductor ,„ at leas, the one elongated member using a eold p,n transttion conductor. 
„ wherein the cold ptn transition conductor comprises a substantially low reststance 

insulated conductor. 

3997 The method ofelaim 3976. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing ,s disposed in an overburden of the 

15 formation. 

3998. The method of claim 3976. further comprising coupling an overburden casing ,0 
the opening, wherein the overburden casing comprises steel. 

20 3999. The method of claim 3976. further comprising coupling an overburden easing to 
the opening, wherein the overburden easing is disposed in cement. 

4000 The method of claim 3976. further comprising coupling an overburden casmg to 
the opening, wheretn a packing material is disposed at a Junction of the overburden 

25 casing and the opening. 

4001 The method ofelaim 3976. further comprising eouphng an overburden casing to 
the opentn, wherein a packing materia, is disposed a, a junction of the overburden 
castn, and ".he opening, and wherein ,he ntChod further comprises inhibiting a flow „, 

30 fluid be.ween ,he opening and the overburden easing with the packing material. 
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W The method of claim 3976. further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carton within the formation. 

4003 A svstem configured to heat a coal formation, comprising: 

at least one elongated member disposed within an opening in the formation. 

wherein at least the one elongated member is configured to prov.de heat to at least a 

portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the Opening, wherein the conduit is configured to 
,,-ovide an oxidizing fluid from the Oxidizing fluid source to the opening during use. and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section'of the formation during use. 

4004. The system of claim 4003, wherein at least the one elongated member comprises 
stainless steel. 

4005 The svstem of claim 40O3. wherein a, leas, the one elongated member is further 
configured to generate heat during application of an electrical current to a. least the one 
elongated member. 

4006 The svstem of clatm 4003, wheretn at least the one elongated member is coupled 
,0 the condutt. wherein the conduit is further configured to support a. leas, the one 
elongated member. 

4007 The svstem of claim 4003. wherein a. least the one elongated member is coupled 
«, the conduit, wherein the conduit is further configured to support a, leas, the one- 
elongated member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003. further comprising a centralize,- coupled to at least the 
one elongated member and the conduit, wherein the centralis is configured to 
electrically isolate at least the one elongated member from the conduit. 

4009 The svstem of claim 4003. further comprising a eentralizer coupled to at least the 
one elongated member and the conduit, wherein the centralis is configured to maintain 
a location of at least the one elongated member on the conduit. 

4010. The system of claim 4003, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

401 1 . The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 

4013. The system of cl*im 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4014. The svstem of claim 4003. further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4015 The svstem of claim 4003. further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

0 401 6. The system of claim 4003. wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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401 7. The system of claim 4003, wherein a. leas, ,he one elongated member is arranged 

in a parallel electrical configuration. 

4018 The system of claim 4003. wherein at least the one elongated member is 
configured to generate radiant heat of approximately^ W/m to appioximatcly 16,0 
W/m during use. 

4019 The svstem of claim 4003, further comprising a perforated tube disposed in the 
opentng externa, to at least the one elongated member, wherein the perforated tube is 
configured ,„ remove vapor from the opening to control a pressure in the opening dunng 



use. 



4020. The system of claim 4003, further comprising an overburden casing coupled to 



the opening, 
formation. 



wherein the overburden casing is disposed in an overburden of the 



4021 . The svstem of claim 4003. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system of claim 4003. further comprising an overburden casing coupled to 
the opening, wherein the overburden easing is disposed m an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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4(P4 The svs.em of chin, 41.03. further comprising an overburden casing coupled to 
,he opening, wherein the overburden easing is disposed in an overburden ofthe 
lorm a,i„n. vvherem a packing material is disposed at ajunction of the overburden casing 
and .be opening, and wherein the packing material comprises cement. 

402v. The system of data, 4003. further comprise an overburden cas.ng coupled .o 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at ajunction of the overburden eastng 
and the opening, and vvherem the packing material is further configured to substantially 
,0 inhibit a flow of fiuid between the opening and the overburden easing dunng use. 

4026. T he system of claim 4003. wherein the heated section of the formation is 
substantially pyrolyzed. 

, 5 4027 A system configurable to heat a coal formation, comprising: 

at least one elongated htember configurable to be disposed within an opening in 
the formation, wherein a, le*. the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit .s 
20 further configurable ,0 provide an oxtdizing fluid from the oxidizing fluid source ,0 the 
opentng during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carbon deposition on or proximate to at leas, the one elongated 

member during use; and; 

wherein the system is further configurable to allow heat to transfer from at least 
25 the one elongated member to a section of the formation during use. 

4028. The system ofclaim 4027. wherein at least the one elongated member comprises 
stainless steel. 
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4<P9 The svstem ol' claim 4027. wherein al leas, the one elongated member is further 
configurable u> generate heat during application of an electrical current to a, least the one 

elongated member. 

s 4030. The system of claim 4027. wherem at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. /■ 

4031. The svstem of claim 4027, wherem at least the one elongated member is coupled 
10 to the conduit, wherein the conduit is further configurable to support at least the one 

elongated member, and wherein the conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the oonduit, wherein the centralizer is configurable to 

! 5 electrically isolate at least the one elongated member from the conduit. 

4033 The svstem of claim 4027. further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at l^ast the one elongated member on the conduit. 

20 

4034. The system of claim 4027, wherein the opening comprises a diameter ot at least 
approximately 5 cm. 

4035. The system of claim 4027. further comprising a lead-in conductor coupled to at 
25 least the one elongated member, wherein the lead-in conductor comprises a low 

resistance conductor configurable to generate substantially no heat. 

4036. The svstem Of claim 4027. further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 

30 insulated conductor. 
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4037. The svstcm of claim 4027. further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system of claim 4027, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 

4039 The svstem of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 4027. wherein at least the one elongated member is arranged 
in a series electrical configuration. 

4041 . The svstem of claim 4027, wherein at least the one elongated member is arranged 
15 in a parallel electrical configuration. 

4049 The svstem of claim 4027. wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

20 

4043 The svstem of claim 4027. further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. 

4044. Thc system of claim 4027. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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4„4S The svs.cn, ofc,aim .027. further compnsmg an overburden casing coupled u, 
UK opening, where,,, the overburden easing is disposed in an overburden o. the 
formation, and wherein the overburden easing eompr.es steel. 

4046 The svstem of claim 4027. further composing an overburden easing eoupled ,o 
,he opening wherein .he overburden easing fa disposed in an overburden ol .he 
formanon, and wherein .he overburden easing ,s further disposed ,n cement 

4047 The system of claim 4027. further comprising an overburden eas.ng coupled u» 
.he opening, wherein .he overburden casing is disposed in an overburden of .he 
t , rma ,i„, and wherein a packing material is disposed a. a junction of .he overburden 

casing and the opening. 

4048 The system of cla.m 40*7, fcrther comprising an overburden casing coupled .0 
,he opening, where.n .he overburden casing is disposed in an overburden of .he 
formation, wherein a packi^ ma.ena, is disposed a. a junction of .he overburden casing 
and .he opening, and wherein .he packing material comprises cement. 

4049 The system of cuaim 4027, further composing an overburden easing coupled to 
the opening, wherein the overburden casing is disposed in an overburden o. the 

inhibt, a now of fluid between the opening and .he overburden casing during use. 

4050. The sys.emWc.aim 4027. wherein .he hea«ed section of mc formation is 
substantially pyrolyzed. 

405 1 An in situ method for healing a coal formation, comprising: 

' applving *n electrical current ,0 at least one e.ongated member to provide hea, ,„ 
' " of the formation, wherein a, least the one elongated member is disposed 



at least a portion 
within an opening in the formation 
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proviJ i„g an oxidizing fluid to a. least the one closed member ,o substantially 
inhibit carbon deposition on or proximate to a, least the one elongated member; and 

allowing beat to transfer from a, leas, the one elongated member to a section o, 

the formation. 

4052. The method of ela.m 405 1 . wherein a, leas, the one elongated member comprises 
a metal strip. 

4053. The method of claim 405.. wherein a, leas, the one elongated member comprise, 

10 a metal rod. 

4054. The method of claim 405 . . wherein a, leas, the one elongated member comprises 

stainless steel. 

I5 4055. The method of claim 405 1 . further comprising supporting at least the one 
elongated member on a center support member. 

4056 The method of claim 405 . . further comprising supporting at leas, the one 
elongated member on a cen.er support member, wherein the center support member 

20 comprises a tube. 

4057. The method of claim 405!. further comprising electrically isolating a. leas, the 
one elongated member with a centralizer. 

25 4058. T he method of claim 405 1 . further comprising laterally spacing a, least the one 
elongated member with a centralizer. 

4059. The method of clam, 4051. further comprising electrically coupling at least the 
one elongated member in a series configuration. 

30 
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4060. The method of claim 4051. further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

4061 . The method of claim 405 1 , wherein the provided heat comprises approximately 
650 W/m to approximately 1 650 W/m. 

4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

4063. The method of claim 405 1 , further comprising monitoring the applied electrical 
current. 

4064. The method of claim 4051. further comprising monitoring a voltage applied to at 
least the one elongated member. 

4065. The method of claim 4051. further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 



e one 



4066 The method of claim 405 1, further comprising supporting at least the c 
donated member on a center support member, wherein the center support member 
comprises openings, wherein proving the oxid,,ing ilnid to a, least the one elongated 
member comprises flowing the oxtdiztng fluid through the openings in the center support 
member. 

4067 The method of claim 4051. wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed m the opening proximate to at least the one elongated member. 
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406» The method ofclmm 405 1 . further comprising electrically coupling a lead-m 
conductor ,» a, leas, .he one elongated member, wherein .he lead-in conductor copses 
a low resistance conductor configured to generate substanttally no heat. 

4069 The method of claim 405 1 . further comprising electrically coupling a lead-in 
conductor to a, least the one elongated member using a cold ptn transition conductor. 

4070 The method of claim 4051. further comprising electrically coupling a lead-in 
conductor to a. leas, the one elongated member using a cold pin .ransi.ion eonduc.or, 
.herein the cold pin transition conductor comprises a substan.tal.y low resistance 
insulated conductor. 

407 1 The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden ot the 

i formation. 

4072. The method of claim 4051. further comprising coupling an overburden casing .o 
the opening, wherein the overburden casing comprises steel. 

„ 4073. The method of claim 4051. further comprising coupling an overburden casing .0 
the opening, wherein the overburden easing is disposed in cement. 

4074 The method of claim 4051. further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed a, a junction of the overburden 

25 casing and the opening. 

4075 The method of claim 405 1 . further comprising coupling an overburden casing to 
me opemnr, where.n a packing materia, is disposed a, .junction of the overburden 
casing and the opening, and wheretn the method further comprises inhibiting a flow o, 

,0 fluid between the opening and the overburden casing with ,he packing material. 
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4()7 „ The method tfd*. 405,. further casing heating at icasr *. portion of*c 

4077. An in situ method tor heating a coal formation, comprising: 
oxidizing a fuel fluid in a heater; 

onening of the formation; 

al.owrngadd.tiona.heattotran.enromanelectneheaterdisposed.ntheopening 

along a length of the opening. 

40V8 Tn e m ethod»fc 1 a im 4077>he re inprov,d,n g a, 1 eas,,hepo ni onoftheoxid i zed 

conduit disposed in the opening, 

4079 Theme.hodofc,a,m407,.here,nprov^^ 
fluid through the opening. 

in the heater with a flame. 
25 408, . The method of Cairn 4077. further comprising removing the oxidized hae, fluid 

through the conduit. 

40P The method of ciaim 4077. further comprising removing the oxidized fue, fluid 
additional heater disposed in the formation. 



4083 The method ofebim 4»77. where, the conduit composes an ^ 
cnasurfaceofthecondu,,^^ 

in sula,or such «* hea, is allowed to -*«* *» * * ' 

5 conduit. 

4084. The method of Cairn 4077. wherein the e.ee.nc heater is an insured conduetor. 

4085 . The m e,hodofclai m 4077.where,nth;e.ec,richea,er. S aconduc,ordis P o S ed,n 
10 the conduit. 

4086. The method of e,a, m 4077. when* the electric heater i, an elongated eonduetive 
member. 



4087 A system configured to heat a coal formation, comprising: 

' 0 „e or more hca, sources disposed within one or more open wehbores m the 
Nation, wherem the one or more hca, sources are configured to prov.de heat to at leas, 
a portion of the formation during use: and 

wherem the system to configured ,0 allow hea, ,0 transfer from the one or more 
hea, sources to a selected section of the formation during use. 

4088 The svstem of claim 4087. wherein the one or more hea, sources comprise at leas, 
two hea, source, and wherein superpos,,,on of hea, from at !east the two heat sources 
pyrolyzes a, leas, some hydrocarbons within the selected section of the formation. 

4089. The system ofclaim 4087. wherein the one or more hea, sources comprise 
electrical heaters. 

i burners. 
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4091 . The system ofctaim 4087. wherein the one or more heat sources comprise 
flamclcss distributed combustors. 

4092. The system of elatm 4087, where.n the one or more heat sources eomprise natural 
distributed combustors. 

4093. The system of Cairn 4087. wheretn the one or,more open wellbores eomprise a 

diameter of at least approximately 5 cm. 

4094 The svstem of claim 4087. further comprising an overburden casing coupled ,0 a, 
,eas, one of the one or more open wellbores. wherein the overburden casmg is disposed ,n 
an overburden of the formation. 

409, The svstem of claim 4087. further comprising an overburden casing coupled to at 
,eas, one of the one or more open wellbores, wheretn the overburden casmg is dtsposed ,n 
an overburden of the formation, and wherein the overburden casing comprises steel. 

4096 The svstem of claim 4087, further comprising an overburden casmg coupled to at 
leas, one of the one or more open wellbores. wherein the overburden casing is disposed m 
an overburden of the formation, and w herein the overburden casing is further disposed ,n 
cement. 

4097 The svstem of claim 4087, further comprising an overburden casing coupled ,o at 

, least one ofthe one or more open wellbores. wherein the overburden eastng is disposed ,n 
an overburden ofthe formatton. and wherein a packtng materia, ,s disposed a. a junction 
of the overburden casing and the a, leas, one ofthe one or more open wellbores. 

4098 The svstem of claim 4087. further comprising an overburden easing coupled to at 
0 least one of the one or more open wellbores. wherein the overburden easing is disposed ,n 

an overburden of the formation, wherein a pacUng material is disposed a, ajuncon o. 
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u k , n nsin» and the at least one of the one or more open wellbores. and 



at least one 



orth c ^ or more open weHbores and the overburden easing daring use. 



4099 The svs.cn of Cairn 40S7. further comprising an overburden easing eoup.ed to a 
l„ n eo f , h eoneor m oreo P enwenb„res.vv ll ere,n, h eover bU rdeneas,ng,sd,spos^ m 

theo ver b urde n ea S ,n g a„d t he,,as t oneo fth eo„eor m oreopen W eU b ore,and 
wherein the packing material comprises cement. 

4,00 The svstem ofcWm 4087. wherein the system is further configured to transfer 



4 ,0, The svstem of claim 4087. further composing a vaive eoup.ed to at leas, one of 
lone or more hea, sources configured to contro, pressure within a, .east a m.onty of 
the selected section of the formation. 

4U p The svstem of claim 40*7. further comprising a va,ve eoup.ed to a production 

the formation. 

4,03 A method of treating a coal formation in situ, comprising: 

' providing hea, from one or more heat sources to a, .east one portion of the 

wellbores in the formation: 

aHowmg the heat to transfer from the one or more hea, sources to a selected 

section of the formation; and 

producing a mixture from the formation. 
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sou rces pyroly.cs a, ..as, so,™ hydrocarbons wirhin ,hc se,ec,ed sccuon o, ,he 

formation. 

5 410 , The m e,.,od of c.a,m 4,03, wherem con,ro,,i„ g forma.ion cond,,ion S co.pr.ses 
m a i „,a,„, ng a t cn 1 pcra, U re W ,,hi„,hese 1 ec te dse, ti0 nw,,h i „a P yro,ys,s,c ra pera,ure 

temperature of about 400 °C. 

4.06. TV me.hod of Cairn 4,03. wherein ,he oneor more hea, sources comprise 
electrical heaters. 

4.07. The me.hod of Cairn 4,03,'wherein ,he one or more hea, sources comprise 

15 surface burners. 

4.08. The me,hod of Cairn 4,03. wherein the one or more hea, sources comprise 
flameless distributed combustors. 

distributed combustors. 

within the one or more open wellbores. 
" 4,„ ■rhe m e, h odofCa,m4,03.*re,na l uhe,sd,spo S edina,,e a s,oneof, h e„neor 
m< , r e;,penwe,,hores P ,ox,, Ml e,ohea,s„urce,i,eme,h„df U nhe r e„mprism g no^ 
su J,, a ,,yco„s,an,a m o Un ,anui d ,n,o a ,,ea S ,oneof,he oneor more open we,, b ores 

through critical How orifices in the tube. 
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4 , P .be method ore., 4,03. where, a perforated tube is disposed in a. leas, one o, 

,hc 0 „e or more open wellbores proximate H, Uk boa, souree. .he method further 

through the perforated tube. 

41 , , The method of claim 4,03, further comprising coupiing an overburden casing ,o 
at , e as, one of .he one or more open wellbores. whercn ,he overburden casing is disposed 
in an overburden of the formation. 

4 „4 The method of claim 4,03. further comprise eouphng an overburden casing ro 
at.cast oneofthe one or more open vveUbores. wherein , he overburden casing ,s isposed 
in an overburden of .he tarnation, and wherein ,he overburden casing comprise steel. 

41 , 5 The method of Cairn 4103. toner comprising coupling an overburden casing to 
a, ,eas, one ofthe one or more open vvehbores. wherein the overburden casing ,s isposed 
::anovcrburdenof,he f orm,,o,andwW,eovc,,urdenea S ing, sf ur.herd,sposed 

in cement. 

4, 16 The method ofc.a.m 4.03. further comprising coupling an overburden easing to 
a, .east one of the one or m»,e open wellbores. wherein the overburden easing is disposed 
in an overburden of the formation, and wherein a packing materia. 
Ju nction of .he overburden easing and the a, least one ofthe one or more open wei.bo.es. 

4„7 The method of Cairn 4.03. further comprising coupling an overburden casing to 

flow of fluid between the a, leas, one of ,he one or more ope,, wellbores and ,hc 
overburden casing with a packing material. 

-0 411* The method of claim 4.03. further comprising heating a, leas, the portion ofthe 
f _,osubsta,,,,a,^ 
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4,19 The method of claim 4103. further comprising controlling a pressure and a 
temperature within at leas, a majority ot.he selected section of the formation, whercm 
,he pressure is controlled as a function of temperature, or the ,entpera,ure ,s comrolled as 

a function of pressure. 

4120. The method of claim 4103, farther comprising controlling a pressure with the 
wellbore. 

4P 1 The method of claim 4103. further comprising controlling a pressure within a. 
leas, a major,,, of,he seleCed section of the formation with a valve coupled ,0 a, leas, 
one of the one or more heat sources. 

4P2 The method of claim 4103, further comprising controlling a pressure within at 
leas, a majority of the selected section of the formation with a valve coupled to a 
production well located in the formation. 

4,23 The method of claim 4103. further comprising controlling the heat such that an 
average hea.ing rate of the selected section is less than about 1 °C per day dunng 

) pyrolysis. 

4124. The method of claim 4103, wherein provrding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ,11 of the coal formation front the one or more hea, 
, sources wherein ,he IMmation has an average hea, capacity^), and wherein the hea.mg 
pvrolv.es a, leas, some hydrocarbons wi,hin ,he selected volume of the formaOon: and 
' wherein heating energy/day provided to the volume is equal to or less than Pur. 
wherein Pmt is calculated by the equation: 
Pur ' k'TOl 
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llhOT ,„ ,.„,. ,s the heating energy/day. * is an averse heating rate of.be 



°C/day. 



5 4125 Th e m e l h„dofc 1 a im 4 1 03.» h e re ,nano« ltet hehcaUO tra „s fafroml heo n e OT 
conduction. 

,„ sources comprises heating the selected section such tha, a thermal conductivity a. - 
a portion of.be selected section is greater than about 0.5 W m ° ( ')- 

412V . The method of clatm 4,03, wherein the produced nature comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

Hydrocarbons, and .herein aboutOT.by weight to about ,5 % by weight of the 
condensable hydrocarbons are olefins. 

,„ 4,29 The ntethod of elatnt 4,03. wheretn the produced mixture comprises non- 
l d e„sab 1 ehydrocarbo„,andwhere,namo,arra,i„ofethene,oethane,n,he„o, 

condensable hydrocarbons ranges from about 0.00, to about 0.15. 

41 ,0 The method of Cairn 4103. wheretn the produced mixture comprises non- 
25 !;densab,eh y drocarbons.a„dwhere,nabout0, % byweig h ,toabou,,5,„b y we, g h, 

of the non-condensab,e hydrocarbons are olel.ns. 

30 basis, of the condensable hydrocarbons is nitrogen. 
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4P , , method ... claim 4,03. where,,, the proceed mixture co^ condensate 
41.,.. .hcmincu w h,.„ calculated on an atomic 

hydrocarbons, and wherein less ,han about 1 » 1» 
basis, of the condensable hydrocarbons is oxygen. 

- 4133 The melbod of claim 4.03. wherein the produced mixture comprises condensate 

irocarbons compnse W con,a,„in g co.pounds, and wherein the oxy g en 
containing compounds comprise phenols. 

, fi 4n4 The method of claim 4103. wherem the produced mixture composes condensable 
10 41,4.1 he metric calculated on an atomic 

hydrocarbons, and wherein less than about 1 /„ b> »u B ht. 

bas,s. of the condensable hydrocarbons is sulfur. 

4135 Themethodofclaim410, W he^ 
hydrocarbons are aromatic compounds. 

4136 The method of claim 4,03. wherein the produced mixture comprises condensable 
hydrocarbon, and wherem less than about 5 % by wei g h, of the condensable 

4 , 37 The m ethodofc,a i m4 1 03.wherei„theproducedm,xturecompr,seseondensab,e 
hy drocarbons, and wherem less than about 0.3 % by we, g ht of the condensable 

hydrocarbons are asphaltenes. 

hydrocarbons, and wherein about 5 % by wc g h, to about 30 % by we, B ht olthc 
condensable hydrocarbons are cycloalkanes. 

cond e„sab,e component, where! e non-condensable component comprises hydro.cn. 

803 fonlc>.Rosc& lavon.i C 



and wherein the hv dro c en t , . „ 0 o„ ; , hv vo l um e of the non- 

condensable component. 

and wherein the ammonia is used to produce ferhhzer. 

.eas.am.oruyofthesdcc.ed.chonofrheformauon. 

, , • aim further comprising controlling a pressure within at 

is at least about 2.0 bar absolute. 

th , of daim 4103, further comprising controlling formation conditions 
4144. The method of claim 4103, 

sucl ,tha„he produced mixture comprises a partta, pressure of H, w„h, 
0 greater than about 0.5 bar. 

the mixture is at a production well. 

: ^zszzr- 

30 numbers greater than about 25. 
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4148 The method of claim 4103. further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

4149 The method of claim 4103, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion ot 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

4150 The method of claim 4103. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

4151 The method of claim 4103, wherein allowing the heat to transfer eomprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

4 , 5? The method of claim 4103. further comprising controlling the heat to yield greater 
than about 60 % by weigh, of condensable hydrocarbons, as measured by Fischer Assay. 

4153 The method of claim 4103. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at leas, about 7 hea, sources are disposed ,n 
the formation for the production well. 

4,54. The method of claim 4103. further comprising providing heal from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources arc located in the formation in a unit of heat sources, and wherein the unit ol hea, 

sources comprises a triangular pattern. 

4155 The method of claim 4103. further comprising providing hea, from Ihree or more 
0 heat sources to at leas, a portion of the formation, wherein three or more of the hea, 
:es ate loca.ed in the formation in a unit of heat sources, wherein the unit ot heat 



sources 
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sources comprises a .regular patter, and whcrctn a plurality of .ho units arc repeated 
over an area ofll.c formation to form a repetitive pattern of umls. 

4, 56. The method of claim 4103. further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

4157 The method of claim 4103. further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

4.58 The method of claim 4103, therein the produced mixture comprises!!*, «* 
method further comprising separating a portion of the H,S from non-condensable 
hydrocarbons. 

4.59 The method of claim 4103. wherein the produced mixture comprises CO,, the 
method further comprising separating a portion of the C0 2 from non-condensable 

hydrocarbons. 

4.60 The method of claim 4,03, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 

formation as a vapor. 

4.61 The method of claim 41 03. wherein the mixture is produced from a production 
we ,l. the method further comprising heating a wcllbore of the production well to inhtbi. 

; condensation of the mixture within the wcllbore. 

«,„ The method of claim 4103. wherein the mixture is produced from a production 

wherein a wcllbore of the production we,l comprises a heater element configured to 
hea, the formation adjacent to the wellbore. and further comprising heating the formation 
„ w,,h the heater clement to produce the mtxture. wherein ihe mixture comprises a large 
non-condensable hydrocarbon gas component and H ; . 
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4163. The method of claim 4103. wherein the selected section is heated to a minimum 
pyrolysis temperature of about 270 °C. 

5 4164. The method of claim 4103. further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 

numbers above 25. j 

I 

4165. The method of claim 4103. further comprising controlling pressure within the 

0 formation in a range from about atmospheric pressure to about 100 bar. as measured at a 
wellhead of a production well, to control an amjount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is i/educed to increase production of 
condensable hydrocarbons, and wherein the pj/essure is increased to increase production 
of non-condensable hydrocarbons. / 

4166. The method of claim 4103, further c/bmprising controlling pressure within the 
formation in a range from about atmospher/c pressure to about 100 bar, as measured at a 
wellhead of a production well, to control a/n API gravity of condensable hydrocarbons 
within the produced mixture, wherein thejpressure is reduced to decrease the API gravity. 

0 and wherein the pressure is increased to reduce the API gravity . 

4167. A mixture produced from a portion of a coal formation, the mixture comprising: 
an olefin content of less than about 10% by weight; and 

an average carbon number less than about 35. 

5 

4168. The mixture of claim 4167. further comprising an average carbon number less 
than about 30. 

4169. The mixture of claim 4167. further comprising an av erage carbon number less 
0 than about 25. 

4170. The mixture of claim 4167. further comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5; and 

wherein a weigh, ratio of the hydrocarbons having carbon numbers Irom . 
,hr„ugh 4. to methane, in the mixture is greater than approximately 1 . 

4,71 The mixture of claim 4,67. further comprising condensable hydrocarbons, 
wheretn less than about 1 % by weigh,, when calculated on an atomic basts, of the 
condensate hydrocarbons is nitrogen, wheretn less than about , % by weigh,, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wheretn 
less than abou, 1 % by weigh., when ca,cu.a,ed on an a.omic basis, of .he condensable 
hydrocarbons is sulfur. 

4172. The mixture of claim 4,67, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4,73 The mtxture of claim 4167, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than abou, 0., % by 
■weigh, of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is less than abou, 1 5 % by weigh, of the condensable 
hydrocarbons. 

4174 The mixutre of claim 4167. further comprising condensable hydrocarbons, 
wherein less than about 15 % by weight of the condensable hydrocarbons have a carbon 

number greater than about 25. 

•'' 4175 rhemix,ureorc,aim4174,vvhereinlessthanabou, 1 % by weight when 

calcula,ed on an a.omic basis, of ,he condensable hydrocarbons is nt.rogen. wheretn less 
,han abou, , % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen, and wheretn less than abou, , % by weigh,, when calcula.ed on 

0 an atomic basis, of the condensable hydrocarbons is sulfur. 
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I "h : 4 1 76. The mixture of claim 4173. further comprising condensable hydrocarbons, 

wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 



non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
ofless than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H 2 , wherein greater 
1 o than about 1 5 % by weight of the non-condensable hydrocarbons comprises 1 1 2 ; and 



condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 



1 5 condensable hydrocarbons comprises aromatic compounds. 

4178. The mixture of claim 4167, further comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater th 
20 about 25; 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight ol 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 



condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising 1 1 2 , wherein greater than about 15 % 



41 79. The mixture of claim 4167. further comprising a condensable mixture. 
30 comprising: 



compounds. 



,5 



4177. The mixture of claim 4167, further comprising: 



aromatic compounds, wherein greater than about 30 % by weight ot the 



by w eight of the non-condensable hy drocarbons comprises H 2 . 
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olefins, wherein abo»\o.l % by we.gh, l„ abou. 1 5 % by weight of the 
condensable mixture comprises olefins; and 

asphahene, wherein less than abou. 0.. % by weight of the condensable m.x.urc 

comprises asphaltenes. 



* l ' 4180 The mix.ure of claim 41 79, further comprising, oxygenated hydrocarbons. 
' tf' wheretn less than about 15 % by weight of the condensable mixture composes 
oxygenated hydrocarbons; 

,0 4181. The mixture of claim 4l\ 7 . further comprising a condensable mixture. 

v ■ comprising: 

olefins, wherein about 0.1 weigh, to abou, 2 % by we.gh, ot ,he 

condensable mixture comprises olefirk and 

multi-ring aromattcs, wherein l\s than abou, 2 % by we.ght of the condensable 
, 5 mtxture comprises multi-ring aromatics \ith more than two rings. 

■ 41P The m,x,ure of claim 4.80. further comprising oxygenated hydrocarbons, wherem 

* greater than abou, 25 %b S we.gh, of the condensable mixture comprises oxygenated 

hydrocarbons. 

20 

4183 The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 
: comprise H 2 , wherein greater than about 10 % by weight of the non-condensable 

hydrocarbons comprises H 2 ; 

ammonia, wherein greater than abou. 0.5 % by weight of the mixture eomprtses 

ammonia: and 

hydrocarbons, wherem a weigh, ra,io of hydrocarbons having greater than about . 
carbon atoms. ,o methane, is greater than about 0.4. 

30 4,84. A mixture produced from a portion of a coal formatton. the mtxture. composing: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
ofless than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture if greater than approximately 1 . 

5 

4185. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

,0 4186. The mixture of claim 4184, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4187. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

1 5 condensable hydrocarbons is nitrogen. 

4188. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

20 

4189. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. 

25 

4190. The mixture of claim 4184. further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



4,9, The mixture ofchim 4184. further comprising condensable hydrocarbon,, 
herein greater than abou, 20 % bv „*. of UK condensable hydrocarbons are aromatic 

compounds. 

5 4 192 The m ix,ureorda,m4 1 84,far,herco m pns,n8condensablel 1 ydrocarbon, 

herein less than abou, 5 % by weigh, of the condensable hydrocarbons composes mult- 
ring aromatics with more than two rings. 

4,93 The mixture of claim 4184. further comprising condensable hydrocarbons, 
,. wherein less than about 0.3 % by weigh, of the condensable hydrocarbons are 

asphaltenes. 

4194 The mrxture of claim 4,84. further comprising condensable hydrocarbons. 
whercinabout 5 %b y we l8 h,.oabou.30%by-we, g h,of,he condensate hydrocarbons 

15 comprise cycloalkanes. 

4, 95 The mtx,ure of claim 4.84. wherein the non-condensable hydrocarbons further 
compriseshydroge, wherem .he hydrogen .greater than about ,0* by velum, of .he 
„o„-co„dcnsable hydrocarbons, and wherein .he hydrogen is less man abou. 80 /o by 
20 volume of the non-condensable hydrocarbons. 

4,96. The mrxture of clatm 4.84. further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

25 4 1 97. The m,x,ure of claim 41 84. tamer comprising ammonia, wherein the ammonia is 

used to produce fertilizer. 

4,98 Them,x,urc„fclaim4.84.furthereom P ris,ngcondensab.ehydroearbon, 
K here,n less man abou. ,5 weigh, % of the condensable hydrocarbons have acarbon 

30 number greater than approximately 25. 



4199. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

4201 . The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxy genated hydrocarbons, and wherein 
greater than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4202. The mixture of claim 4184; further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4203. The mixture of claim 4184. further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4204. The mixture of claim 4184, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5. wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4. to methane, is greater than approximately 1: and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
, than about 5 % by weight of the condensable component comprises oxygenated 
hydrocarbons. 



4206. The mixture of claim 4205, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. 

4207. The mixture of claim 4205, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4208. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4209. The mixture of claim 4205. wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4210. The mixture of claim 4205, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is suite. 

4711. The mixture of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4212. The mixture of claim 4205, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4213 The mixture of claim 4205. wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4214. The mixture of claim 4205. wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

0 421 5. The mixture of claim 4205. wherein about 5 % by w eight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 
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4216. The mixture of claim 4205. wherein the non-condensable hydrocarbons comprises 
hvdrouen. wherein the hydrogen is greater than .bout 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4217. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

4218. The mixture of claim 4205. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4219. The mixture of claim 4205. wherein less than about 5 weight % of the 
condensable hydrocarbons in the mixture have a carbon number greater than 
approximately 25. 

4970 The mixture of claim 4205. wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4221 The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4222. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 . wherein greater than about 5 % by weight of the mixture comprises H 2 . 

4223. The mixture of claim 4205. wherein the non-condensable hydrocarbons further 
comprise H 2 . wherein greater than about 15 % by weight of the mixture comprises H 2 . 
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4224. The mixture of claim 4205. wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4225. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having earbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having earbon numbers from 2 
through 4. to methane, is greater than approximately 1; 
condensable hydrocarbons: 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen: 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen: and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 

4226. The mixture of claim 422*, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4227. The mixture of claim 4225, wherein less than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 

4228. The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 % by we lg ht to about 15 % by weight of the condensable 
hydrocarbons are olefins. 

4229. The mixture of claim 4225. wherein a molar ratio of ethene to ethane in the non- 
densable hydrocarbons ranges from about 0.001 to about 0.15. 
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4230. The mixture of claim 4225. wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4232. The mixture of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises muiti-rmg aromatics with more than two rings. 

4233. The mixture of claim 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asph^ltenes. 

4234. The mixture of claim 4225. wherein about 5 % by weight to about 30 % by 
weight of the condensable hy drocarbons are cycloalkanes. 

4235. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4236. The mixture of claim 4225, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4239. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
) H 2 . and wherein greater than about 5 % by weight of the non-condensable hydrocarbons 

comprises H;. 



4,40 The mixture of claim 4225. wherein the non-condensable hydrocarbons comprise 
and wherein greater than abou, 15% by weigh, of the mix.ure compose, ,., 

4241 . The mixture of claim 4225, wherein a weigh, ra.io of hydrocarbons having greater 
,han abou, 2 carbon atoms. ,o me.hane, is greater, than about 0.3. 

4242 A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5. wheretn a weigh, ratio of hydrocarbons having carbon numbers from 2 

through 4. to methane, is greater than approximately 1 ; 

ammonia, wherein greater than abou, 0.5 % by wetgh, of the mix.ure compnses 

ammonia; and . 

condensable hydrocarbons comprising oxygenated hydrocarbons, wheretn greater 
than about 5 % by weigh, of .he condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4243 The mix.ure of claim 4242, wherein ,he condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weigh, ,o abou, .5 % by wetgh, of ,he 
condensable hydrocarbons are olefins. 

4,44 The nux.ure of claim 4242. wherein ,he non-condensable hydrocarbons further 
comprise e,hene and e.harre. and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to abou, 0.1:.. 

4M5 The mixture of claim 4242. wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less ,han abou, , % by weigh,, when calculated on an 
a,„mic basis, of the condensable hydrocarbons is nitrogen. 
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4 ,* The ofclaim 4242. wheretn .he condensable hydrocarbons fur** 

atomic basts, of the condensable hydrocarbons is oxygen. 

, 4M7 The mtx.ure of Cain, 4242. wherein the condensate hydrocarbons further 
expose sulfur, and wherein ,ess than about 1 % by weigh,, when calculated on an 
atomic basis, of the condensable hydrocarbons is sultur. 

4248 The mtxture of data 4242. wherein the eondensab.e hydrocarbons further 

wclg h, of the condensate hydrocarbons comprise oxygen containtng compounds, and 
wherein the oxy gen containing compounds comprise phenols. 

4 ,49 The mtxture of claim 4242, wherein the condensable hydrocarbons further 
l5 c : m pr lS earomat,eco m pounds,andw,ere,ngrea,er,ha„abo U ,20o,byw, ig ht„f,he 

condensable hydrocarbons are aromatic compounds. 

4250 The mtxture of clatm 4242, wheretn the condensable hydrocarbons further 
comprise mu.ti-aromatic rings, and wheretn less than about 5 % by weigh, of the 

425, The mixture of claim 4242. wherein the condensable hydrocarbons further 
comprise asphal.ene, and wherein less than about 0.3 % by weigh, of the condensable 

hydrocarbons are asphaltenes. 

" 4 , 5 , The mtxtureofclatm 4242. wherein the condensable hydrocarbons further 

: m ;, S ecyc,oa, k ane,andw,ereinahout5 % h y we,gh„o about 30 % by wetght o, the 

condensable hydrocarbons are cycloalkanes. 

-0 «3 The mixture of clatm 4242. wherein the non-condensable hydrocarbons further 
' c : mp nsehydro g e,wherei,,,hehydrogen 1 s g rea,er, h a„abou,.0%byvo,umeo t .he 



„o„-co„den S ab,c hydrocarbon, a nd wherein the hydrogen is less than *» » % * 
volume of the non-condensable hydrocarbons. 

4254 The mixture of claim 4242, whepjn the produced mixture further comprises 
ammonia, and wherein greater than ab6u, 0.05 % by weight of the produced m.xture ,s 



4255. The mixture of claim 4242, wheretn the produced mixture further composes 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4256 The mixture of claim 4242. w herein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25. and wherein less 
,ha„ about 1 5 weight % ofthe hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 

4257 The mixture claim 4242, wherein the non-condensable hydrocarbons further 
comprise H ; , and wherein greater than about 5 % by weigh, ofthe mixture composes H, 

4258 The mixture of claim 4242. wherein the „on-conde„sab,e hydrocarbons further 
comprise H, and wheretn greater than about 15 % by we.ght of the mixture composes 

4.59 The mixture of claim 4242. wheretn the non-condensable hydrocarbons further 
comprise hvdrocarbons having carbon numbers of greater than 2, wherein a wetgh, ratio 
of hydrocarbons having carbon numbers greater than 2. to methane, ts greater than about 
0.3. 

4.60 A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hvdrocarbons comprising hydrocarbons having carbon numbers 

s of less than 5. wherein a weight ratio of hydrocarbons having carbon numbers Irom 2 
through 4. to methane, is greater than approximately 1 ; and 
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condensable hydrocarbons comprising oletins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 

4261 The mixture of claim 4260, w herein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4262 The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4%3 The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4964 The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4265 The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxvgen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4^66 The mixture of claim 4260. wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4^67 The mixture of claim 4260. wherein the condensable hydrocarbons further 
comprise multi-ring aromatic, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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■ t of claim W herein the condensable hydrocarbons further 

^i™ r-^.— «»■—«■—- 

hydrocarbons are asphaltenes. 

condensable hydrocarbons 'are eyeloalkanes. 

, 0 42TO . fbc mixture of ^*im 4260, wherein ^ ,wn ^ 0, '^^^^ l ^^ , ^ , ^^^^ 
comprise hvdrogen. and «here,n the hydrogen, greater thanabou, 10. . 

volume of the non-condensable hydrocarbons. 

15 4271 The mixture of ciaim 4260, Cerent the produced mixture further composes 
lonta.andwhere.ngreaterthanaboutO.OS.byweightoftheproducedmt.nrets 



ammonia. 



2 „ ammonta. and wheretn the ammonta is used to produce fertthze, 

4273 ^ nto of**^^^^* 

comprisehydrocarbonshavtugacarbonnumberofgreaterthanapproxtmatewa nd 

Unless than ab o„t , 5 «ht of the hydrocarbons haveacarbon number 
25 greater than approximately 25. 

t » n 1 o ' tr, ihnut 5 °/o bv weight ot the 
4274. The mixture of claim 4260. wherein about 0.1 ,. to about 

condensable component comprises olefins. 

condensable component comprises olefins. 



4,76 The mixture of c.a,m 4260. wherem ,he condensable hydrocarbons iurthcr 
J.mposeoxygenatcdhydroca^ 

condensable hydrocarbons comprises oxygenated hydrocarbons. 

4277 The mixture ofclaim 4260. wherernthe condensate hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by werght o. 
,he condensable component composes oxygenated hydrocarbons. 

I0 4 ^78 The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise H, and wherem greater than about 5 % by weigh, of the non-condensable 

hydrocarbons comprises H 2 . 

4 ,79 The mixture of clatm 4260, wherein the non-condensable hydrocarbons further 
1S comprise H, and wherein greater than about .5 % by weight of the non-condensable 

hydrocarbons comprises H 2 . 

4280. The mixture of claim 4260, wheretn a weigh, rat.o of hydrocarbons having greater 
than abou, 2 carbon atoms, to methane, is greater ,han abou, 0.3. 

4281 A mixture produced from a portron of a coal formation, comprising: 

condensable hydrocarbons, wherem less than about 15 wetghl % of the 
condensable hydrocarbons have a carbon number greater than 25; and 

herein the condensable hydrocarbons compr.se oxygenated hydrocarbons, and 
25 wherein greater than about 5 % by weigh, of the condensate hydrocarbons composes 
oxygenated hydrocarbons. 

428 7 The -,c of clann 428, . further composing non-condensable hydrocarbons, 
.herein ,he non-condensable hydrocarbons contpr.se hydrocarbons hav.ng car on 
,„ numbers of less ,han 5. and wherein a weigh, ra.io of hydrocarbons having carbon 
numbers from 2 Ihrough 4. ,0 methane, is greater than approximately 1 . 
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4 ,„ The m.xturc of claim 42M. whcrcm the condensable hydrocarbons ,ur,her 

condensable hydrocarbons are olefins. 

from about 0.001 to about 0.15. 

„ 4 , 8 , The m.xture of Cain, 42*.,^ the condensable hydrocarbons further 

, , h„„, 1 % bv weight, when calculated on an 
compose nitrogen, and wherem less than about 1 . by wefc 
atomic basis, of the condensable hydrocarbons ,s mtroge,, 

4286 The mtxture of cla.m 42*1, wherein the condensable hydrocarbons further 
atomic basis, of the condensable hydrocarbons is oxygen. 

, whe rein the condensable hydrocarbons further 

a->87 The m xture of claim 4-M, wneicm 

42S 7. inemix ca | cu iated on an 

comprise sulta, and wherein less than about 1 /» by we.ght. 
M atomic basis, of the condensable hydrocarbons is sulfur. 

4288 Them,xtureof C ,a ira 42 8 ,.where 1 ntheco„densablehydroearbo„sfunher 
!priseoxygencon l4 inm g compounds, w.erem about 5 % by we.ghtto abouoO /o by 

25 wherein the oxygen containing compounds compose phenols. 

4 ,„ The mixture of claim 42 8 ,. wherein the condensable hydrocarbons further 

^^^^^^^ 
condensable hydrocarbons are aromatic compounds. 
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W The m.xture ofcWm 428..*^ the condensable hydrocarbons further 
uprise mu,t,-r,ng ^ * wherem less than about 5 % by wc#. o» *c 

■ ™,hi rinu aromatics with more than two rings, 
eondensable hydrocarbons composes mult.-rmt aroma. 

5 429 , Themix t U reo f c 1 ai m 42S 1 .w.here ml heeonde„ S ab,ebydroearbo„sr Urt her 

hydrocarbons are asphaltenes. 

429 , The ml x 1 ure 0 fe 1 a im 42 81 .w b ere i n, h econde„sab l ehydroearbo^ber 
condensable hydrocarbons are cycloalkanes. 

Jherein the non-condensable hydrocarbons comprise hydrogen, and where.n the 
wherem non . to ndensable hydrocarbons and 

,5 hydrogen is greater than about 10% by volume 

wher-n,heh y dro g en i s,ess ( hanabou,SO,,byvo| Ura eofthenon-eo n densab,e 

hydrocarbons. 

4294 The rmxture of claim 4281. further comprismg ammonia, and wheretn greater 
20 than about 0.05 % by weigh, of the produced mixture is ammonta. 

4295 . The mtxture of clam, 4281, further comprising ammonia, and wteem the 
ammonia is used to produce fertilizer. 

„ 4 , 9D The mixture of cia.m 4281. wherem the condensable hydrocarbons further 
' • , *u oKm,t 10% bvweieht of the condensable 

comprises olefins, and wherein less than about 10 /o by wei L 

hydrocarbons comprises olefins. 

4 ,o 7 Th e mtxture of Cairn 4281. wherein the condensate hydrocarbons further 

hydrocarbons comprises olefins. 



4,08 The mix.ua- of claim 428! . wherein .he condensable hydrocarbons further 
uprises olefins, and wherein abou. 0. . % .„ abou, 2 % by we.gh, of ,he condensable 

hydrocarbons comprises olefins. 

4^99 The mixture of claim 4281, wherein the condensable hydrocarbons further 
composes oxygenated hydrocarbons, and wh'ere.n greater than abou. 5 % by weight ot 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 

I0 4.00 The mixture of claim 4281. further comprising non-condensable hydrocarbons, 
where,,, the „on-e„ndensab,e hydrocarbons comprise H, wherein greater than abou, 5 % 
by weight of the non-condensable hydrocarbons comprises H,. 

4301 The mixture of clatm 4281,'further compnsmg non-condensable hydrocarbons. 
, 5 wherein the non-condensable hydrocarbons comprise H : , wherein greater than about 1 
«/„ by we.ght of the non-condensable hydrocarbons composes H 2 . 

r l,; m 4281 wherein a weight ratio of hydrocarbons having greater 
4302. The mixture ol claim 4^8,. wne, em a «ci B 

than about 2 carbon atoms, to methane, is greater than about 03. 

20 

4303 A mixture produced, from a portion of a coal formation, compnsmg: 

condensable hydrocarbons, wherein less than abou, 1 5 % by weigh, of the 
condensable hydrocarbons have a carbon number greater than about 25; 

wherein less than about 1 » , by wetght of the condensable hydrocarbons, when 
« calculated on an atomic basis, is nitrogen: 

wherein less than about 1 • „ by weigh, of the condensable hydrocarbons, when 

calculated on an atomic basis, is oxygen; and 

wherein less than abou, 1 % by weight of me condensable hydrocarbons, when 

calculated on an atomic basis, is sulfur. 
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43 04 The mixture of claim 430,. further comprismg non-c„nde„sab,e hydros. 
. hcrcinlh c,o„-co n de„sa W ce„ m p 0n c„ l co m pnsc shy d ro ca rb o nS hav,n g ca^n 

numbers of , ess than 5. and wherein a wcght ratio of hydrocarbons havmg earbon 
numbers from 2 through 4, to methane, is greater than approximately , . 

4305 The mixture of e.aim 4303. wherein the condensate hydrocarbons further 
comp r 1 seo,ef,n,a„dwhereinabou,0,%b yW e 1 gh„oa b „u, 15 V„bywe,gh,o t ,he 

condensable hydrocarbons are olefins. 

and „here,namo,arratio„fethene,oetha n e in the non-condensabie hydrocarbons 

ranges from about 0.001 to about 0.15. 

4307 The mature of e.aim 4303, wherein the condensate hydrocarbons further 
llhtoftheeondensabiehydrocarbonscomprtseoxygenconta.ntngcompounds.and 
wherein the oxygen containing compounds comprise phenols. 
4308. Them,x,ureofc 1 a,m4303,w te emthec„nden S a bl eh y drocarbons f urther 
20 C0 mprtse aromatte compounds, and where, greater than about 20 % by we.ght of the 
condensable hydrocarbons are aromatic compounds. 

4309 The mixture of ciaim 4303. wherein the condensable hydrocarbons tather 
comprise muU,-r,„ g aromatic, and where,,, less than about 5 % by weight of the 

4 3,„ The m,x,ure of ctaim 4303. wherein the condensable hydrocarbons further 
comprise aspha.tenes. and wheretn less than ab „u, 0.3 % by we.gh, of the condensable 

hydrocarbons are asphaltenes. 



43,1 The mixture of claim 4305. therein the condensable hydrocarbons further 
condensable hydrocarbons are cycloalkancs. 

43P The mixture of claim 4303, further comprising „„n-condensab,e hydrocarbons, 
and^ereinihenon-eondensablehydrocarbonscomprischyd^en. and herein grearer 

th anaboutlO%by volume and less rha, abou, 8 0 % by volume of ,he non-eondensabic 

component comprises hydrogen. 

4„ 3. The mixture of claim 4303, further comprising ammonia, and wherein greater 
than about 0,05 % by weigh, of the produced mixture is ammoma. 

4J.4. The mtxture of Cairn 4303. further comprtsmg ammoma. and wherein the 
ammonia is used to produce fertilizer. 

43.5 The mixture of claim 4303, wherein the condensable component further 

, u • k , n 1 «■ , to about 5 % bv weight of the condensable 
comprises olefins, and wherein about 0.1 to about 

component comprises olefins, 

43.6 The mixture of claim 4303, wherem the condensable component further 
eomprisesolefins, and whe C e,n about 0.1 », to about 2.5 % by weight of the condensable 

component comprises olefins. 

4M7 The mixture ofclaim 4303. wherein the condensable hydrocarbons further 
condensable hydrocarbon comprises oxygenated hydrocarbons. 

4 3, 8 The mixture ofdaim 4303, further comprising non-condensable hydrocarbons, 
.herein the non-condensable hydrocarbons comprise H, and wherem greater than about 
,„ 5 % by weight of the non-condensable hydrocarbons comprises H : . 
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4W Thcmixturcofc.ain^tafurthercomp^ 

, S % bv weigh, of the non-condensable hydrocarbons composes I fe. 

/ 

43M The mixture of cla,m 4303, furf comprising non-condensable hydrocarbons. 
wherei „ a w**, ratto of compound^,, the non-condensable hydrocarbons having 
gr ea.er than about 2 carbon atoms, ,A methane, is greater than about 0.3. 

43 ,, A mix,ureprodncedfromapo«ionofaeoalfor m atio n ,eom P rising : 

condensable hydrocarbon, wherein less than about , 5 % bv weigh, ol the 

condensable hydroearbons have a earbon number greater than 20: and 

wherem the condensable hydroearbons comprise olefins, wherem an olct.n 

content of the condensable component ts less than about .0 % by wetght o. the 

condensable component. 

5 4322 The mixture of claim 4321. further comprising non-condensable hydrocarbons, 
whcrem the non-eondensable hydrocarbons comprise hydroearbons having car on 
numbers of less than 5, and wherem a weigh, ratio of hydroearbons hav.ng carbon 
numbers from 2 through 4. to methane, ts grea.er than approxtmately 1 . 

10 43 ,3 The mixture of claim 4321 . wherein the condensable hydrocarbons further 
co :; n seo,e fi ns.a„dw te einab„ut0.1%byvve, g h,,oab„ut 15 %byw,, g h,o t ,he 

condensable hydrocarbons are olefins. 

„ 4 ;,,4 The mixture ofe.aim 4321. further compns.ng non-eondensable hydroearbons, 
" and wherem a molar ratio of etbene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

4J „ The mature ofe.aim 4321. wherein the condensable hydrocarbons further 
30 c „: p riscn,,ro g e„.andwhe K m,ess,hanab„u,,%byw,, g h,w,ene a lcu,a«edonan 

atomic basis, of the condensable hydrocarbons is nitrogen. 
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4326 The mix.ure of Cairn 432, . wherem ,hc hydrocarbons ,**cr 

atomic basis, of .he condensable hydrocarbons is oxygen, 

' 4327 The m.xfnre of Cain, 432,. wherem ,he condensable hydrocarbons further 
comp „se sulfur, and wherctn less .ban abou, , % by wetght. when ca,cu,a,ed on an 
atomic basis, of the condensable hy drocarbons >s sulfur. 

, Them, X ,ureofclai m 4 3 2 1 .Uerein,hec„ndensablehydrocarbo„s, W hcreinab OU , 
, ; bv weigh, ,„ about 30 % by weigh, of the condensable hydrocarbons compose 
oxyg e„conta,nm g co m pounds. and where, ,he oxygen containing compounds comprtsc 
phenols. 

, 5 4 , 2 o. T hem,xtureo f c,a 1 m432 1 .where,,Uhecondensab,ehydr 0 carbons,urther 

C0 mpr,se a roma„ce„mpound,andw te ein g rea,er,h a nabou l2 0%bywe, g h,ofthe 

condensable hydrocarbons arc aromatic compounds. 

4330 The mixture of claim 432.. wherein the condensabie hydrocarbons fwther 
:0 comprisemu.,,n„ g aro m attc,andwbcre,n,css,ban a bout 5% bywe g htof.he 
" co„de„sab,eh y drocarbo„sc„ m pnsesmu,t,.r,ngaro m a,ics W ,th m „re,ha„,wor,ngs. 

433, The mixture of claim 432,. wherein ,he condensable hydrocarbons further 

■ , u i™ntm<M>bv weight of the condensable 
comprise asphaltenes. and wherein less than about 0.3 ,o b> *eig 

25 hydrocarbons are asphaltenes. 

4J32 The nuxture of Cairn 4321. wherein the condcnsab.e hy drocarbons further 

condensable hydrocarbons are cycloalkanes. 
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4333 V.^*^^'^'"*^*'*'?"' 

w , K re,n the „on-conde„sab,o hydrocarbons uprise, hydrogen, and wherein the 
hydroeen ,s a bo U UO% b yvo lum cu, ah o UlS 0«, by v„.u m eo flll =no n - C o„d= n ^ 

hydrocarbons. 

4334 The mixture of data 432, . further comprising ammonia, wherein greater than 
about 0.05 % by weigh, of the produced mixture is ammon.a. 

4335. The mixture of claim 432., further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

condensable component comprises olefins. 

i , n i o/ tn nhnui ? % b\ weight of the 
4337. Themix.ureofclaim4321,where>nabou.0.1 /, to about - > 

condensable component comprises olefins. 

4338 Them,x,ureofc,a,m432 1 . W here,ntheco n densablec„ m po„en,further 
comprises oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight ol 
th e condensable component comprises oxygenated hydrocarbons. 

4339 The mixture of claim 4321. wherein the condensable component further 
.he condensable component comprises oxygenated hydrocarbons. 

5 4340. ^^^^^^^L 
wherein the non-condensab.c hydrocarbons comprise H„ and wherein gr 
5 % by weigh, of the non-condensable hydrocarbons comprises H : . 
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, . 4 ,\ tohercomprtsmg non-condensable hydrocarbons. 
4 ;,4, The mixture „t chum 4^ .Wrthc . lnJ wherein greater than about 

whcre ,n the non-condensable hydrdgarbons enmprtse . I, and 
:!: b>W ei B hto r ,he„ou-eoaden 5 ahieh y droearh 0nS e„ m pr.ac. 1 a 

r , , m45 „ further compns.ngnon-condensable hydrocarbon, 
wherem the non-condensable , of hydro carbons having carbon 

numb ersfro m 2 t h roUg h4, t o m c,hane,,s g rc,terthaaapp 

. 4,3. ^^-^f-tr^- 

condensable hydrocarbons compn.es hy 

about 25; and . rise aromatic compounds, 

aromatic compounds. 

. f claim 4343 further compristng non-condensable hydrocarbons. 

f , ■ 4~« wherein the condensable hydrocarbons further 
4345, The mixture of clam. 4a4a. of , he 

• ,v.«.ii 0 1 % by weight to aooui - 
comprise olefins, and wherein about 0.1 ,ot» 

25 condensable hydrocarbons are olefins. 

f , ■ m 4 343 further composing non-condensable hydrocarbons. 

from about 0.001 to about 0.15. 



r , ■ 4^43 wherein the condensable hydrocarbons further 
4,47. Thcrmx,urec,lcla, m 4o4,whcran. ^ ^ 

compose nitrogen, and where.n less than about 1 , b> -tght. 

atomic basis, of the condensable hydrocarbons is mtrogen. 

.... 

comprise oxygen, and wherem less than about 1 . b> -tght. 
atomtc basts, of the condensable hydrocarbons ,s oxygen. 

„ comprise sulfur, and wherein less than about 1 , by wetght, 
atomic basis, of.be condensable hydrocarbons ts sultur. 

r i " itii wherein the condensable hydrocarbons further 
4350. Tbe mixture of clatm 4,43, «e,n ^ ^ % by 

15 wetght of the condensable hydrocarbons compose ox> = 

wherein the oxygen containing compounds comprise phenols. 

, ■ - 4-41 wherein the condensable hydrocarbons further 
4351 The mixture ol claim 4o4o. where.n , 

hydrocarbons are asphaltenes. 
25 4353 The mtxture of f latm 4343, wherem tbe condensable hydrocarbons compose 
condensable hydrocarbons are cycloalkanes. 

4 ^ 54 Th em,x,ureo f c,, m 4 3 4.Vfnrthercompns,n 8n0 n<ondensab,ehy d rocarbo n s. 



hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 

4355. The mixture of claim 4343. further comprising ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixture is ammonia. 

4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

10 4357. The mixture of claim 4343, wherein the condensable hydrocarbons further 

comprise olefins, and w herein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4358. The mixture of claim 4343, wherein the condensable hydrocarbons further 
,5 comprises olefins, and wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 

4359 The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
20 the condensable hydrocarbons comprises multi-ring aromatic compounds. 

4360. The mixture of claim 4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4361 . The mixture of claim 4343. wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4362 The mixture of claim 4343. further comprising non-condensable hydrocarbons, 
wherein the non-condensable hy drocarbons comprise 1 1 2 . and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons Comprises 1 1 2 . 

4363. The mixture of claim 4343. further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
1 5 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4364. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4365. A mixture produced from a portion of a coal formation, comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a light ratio of the hydrocarbons having carbon number 
from 2 through 4. to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H 2; wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H 2 ; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4366 The mixture of claim 4365. wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
, condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 



4367 The mixture of claim 4365. where, the condensable hydrocarbons runner 
eonrpr.se n,,r„ 8 en. and wherein less ihan about , % b» weigh,, when calculated on an 
atomic basis, of,he condensable hydrocarbons is nitrogen. 

, 4368 The m.x.ure of claim 4365, wherem ,he condensable hydrocarbons further 
compnsc oxygen, and wherem less than abouU »o by weigh,, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4369 The mixture of claim 4365. wherein the condensable hydrocarbons further 
,„ comprtse sulfur, and wherem less than about 1 % by weight, when ca.culated on an 

atomic basis, of the condensable hydrocarbons is sulfur. 

4370 The mtxture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen containing commands, wherein about 5 % by wetght to about 30 % by 

, 5 wel ght of the condensable hydrocarbons comprise oxy gen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

437, The nuxture of claim 4365, wherem the condensable hydrocarbons comprise 
multi-nng aromatics, and wherein less than about 5 % by wetght of the condensable 
20 hydrocarbons composes mult.-ring aromatics with more than two rmgs. 

4372 The mrx.ure of claim 4365. wherein the condensable hydrocarbons comprise 
asphaltenes. and wherein Aess than about 0.3 % by wetgh, of the condensable 

hydrocarbons arc asphaltenes. 

4373 The mixture of claim 4365. wherein the condensable hydrocarbons comprise 
cycloalkanes. and wherein about 5 % by weigh, ,o abou, 30 % by weigh, ol the 
condensable hydrocarbons arc cycloalkanes. 
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4.74 The mixture of claim 4365. wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 »o by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 

4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365. further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4377. The mixture of claim 4365. wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25. 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 

4378. The mixture of claim 4365, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4379. The mixture of claim 4365, wherein about 0.1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 

4380. The mixture of claim 4365. wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

s 4381 The mixture of claim 4365. wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4382. A mixture produced from a portion of a coal formation, comprising: 
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condensable hydrocarbons, wherein less than aboul 5 % by weight of .he 
condensable hydrocarbons comprises h, drocarbons haying a carbon number greater than 

about 25; 

wherein the condensable hydrocarbons further comprise; 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 30 % by weigh, of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H 2 , wherein greater than about 1 > % 
by weight of the non-condensable hydrocarbons comprises H,. 

4383 The mixture of claim 4382, wherein the non-condensable hydrocarbons further 
composes hydrocarbons haying carbon numbers of less than 5, and wheretn a we,gh, 
ratio of hydrocarbons having carbon numbers from 2 through 4, ,0 methane, is greater 

than approximately 1 . 

4384 The mixture of claim 4382. wherein the non-condensable hydrocarbons compose 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-eondensable 
hydrocarbons ranges from aboul 0.001 to about 0.15. 

438< The mixture of claim 4382. wherein the condensable hydrocarbons farther 
comprise mtrogen. and wherem less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4386 The mixture of claim 4382. wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weigh,, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 
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4,87 The mixture of clam, 4382. wherein ,he condensable hydrocarbons iurthcr 
comprise sulfur, and wherein less *. abou, , % by weigh, when calculated on an 
atomic basis, of the condensable hydrocarbons is suliur. 

4388 . The m i Xt u re o f c 1 ai m 4 3 8 2 .where,n t hecondensab 1 ehydrocarbo„s 1 u n he : 
com priseo X v e e„ containing co m pound, wherein abo Ul 5%bywe, g h tt oabo U ,0/. by 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4380 The mtxture of Cain, 4382. wherein the condense hydrocarbons further 
comprise muhi-ring aromat.es. and wherein .ess than abou, 5 % by weigh, of the 
condensate hydrocarbons composes muh,-rin g aromaucs w,,h more ,ha„ ,wo rmgs. 

4390 The m,x,ure of claim 4382. wherein ,he condensable hydrocarbons further 
comprise asphahenes. and w,erein ,ess ,han abou, 0.3 % by weigh, of ,he condensate 

hydrocarbons are asphaltenes. 

43,1 The mixiure of clann 4382, wherein ,he condensable hydrocarbons comprise 
cycloalkanes, and wherein abou, 5 % by weigh, «o abou, 30 , . by weigh, of the 
condensable hydrocarbons are cycloalkanes. 

,han abou, 80 % by volume of ,he non-condensable hydrocarbons is hydrogen. 

5 4393 The mixfure of claim 4382. further comprising ammoma, and wherein grearer 
,han abou, 0.05 % by weigh, of.hc produced mix.ure ,s ammonia. 

4394. The m,x,ure of claim 4382. further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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4395. The mixture of claim 4382. wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4396. The mixture of claim 4382. wherein about 0.1 % to about 2 % by weight of the 
5 condensable hydrocarbons comprises olefins. 

4397. The mixture of claim 4382, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4398 The mixture of claim 4382. wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

15 4199. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; 

oxygenated hydrocarbons, wherein less than about 1 5 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 
20 asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 

comprises asphaltenes. 

4400 The mixture of claim 4399. wherein the condensable mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25. and wherein less 
„ than about . 5 weight % of the hydrocarbons in the mixture have a carbon number greater 

than approximately 25. 

4401 . The mixture of claim 4399. wherein about 0.1 % by weight to about 5 % by 
w eight of the condensable mixture comprises olefins. 

30 
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440^ The mixture of claim 4399. where,,, the condensable mixture further composes 
non-condensable hydrocarbons. wherein the non-condensable hydrocarbons compose 
ethene and ethane, and wherein a molar ratio of cthene ,„ ethane in the non-condensable 
hy drocarbons ranges from about 0.001 to about 0.15. 

4403 The mixture of elatm 4399. wherein the condensable mixture further comprises 
nitrogen, and wherein less than about . % by weight, when calculated on an atomtc basts, 
of the condensable mixture is nitrogen. 

4404 The mtxturc of claim 4399. wherein the condensable mixture further comprises 
oxygen, and wherein less than about I % by we,gl„. when calculated o„ an atomtc basts. 

of the condensable mixture is oxygen. 

4405 The mixture of claim 4399. wherein the condensable mixture farther comprises 
sulfur, and wherein less than about 1 % by weigh,, when calculated on an atomic basts, of 
the condensable mixture is sulfur. 

4406 The mixture of claim 4399. wherein the condensable mtxture further comprises 
oxygen containing compounds, wherein about 5 % by weigh, to abou, 30 % by wetgh, of 
the condensable mtxture comprise oxygen eontaintng compounds, and wheretn the 
oxygen containing compounds comprise phenols. 

4407 The mixture of claim 4399, wheretn the condensable mixture further comprises 
aromatte compounds, and wherein greater than about 20 % by wetgh, of the condensable 

> mixture are aromatic compounds. 

4408 The mixture ofelaim 4399. wherein the condensable mixture further comprises 
multi-ring aromatics. and wherein less than abou, 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4409 The mixture ofclain, 4399. wherein .he condensable mixture further comprises 
cycloalkancs. and wherein *« 5 % * *~ 50 % * ^ °' 

condensable mixture are cycloalkancs. 

44.0 The mixture of claim 4399, wherein the condensable mixture composes non- 
condensable hydrocarbons, and wherein the no„-condensab,e hydrocarbons compr.se 
hydrogen and wherein the hydrogen is greater than about i 0 % by volume ot the non- 
condensable hydrocarbons and wherein the hydrogen is .ess than about 80 % by vo.ume 
of the non-condensable hydrocarbons. 

44, , . The mixture of claim 4399, further comprising ammonia, and wherein greater 
,han about 0.05 % by weight of the produced mixture is ammonia. 

44,2. The mixture of claim 4^99. further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 
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,3. The mixture of claim 4399. wherein about 0.1 % by weigh, to ab„ut2 % by 
weight of the condensable mixture comprises olefins. 

44,4 A condensable mixture produced from a portton of a coa, formation, comprising: 

olefins, wherein about 0.1 % by weigh, to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aroma.ics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aroma.ics with more than .wo rings: and 

oxygena.ed hydrocarbons, wherein greater than about 25 % by weigh, of .he 
condensable mixture comprises oxygenated hydrocarbons. 

44 , 5 The mixture ofclatm 4414. further comprising hydrocarbons having a carbon 
number of greater to approximately 25. wherein less than about 5 weigh, % of the 
hvdrocarbons in the mixture have a carbon number greater than approx.ma.ely .5. 
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44.6 The mixture „fc W m 44,4. wherem .he ****** **« «•*"» . 
nilrog e,, and where, less than about I % * weigh,, when ca,cu,a,ed on an atomic basts. 

of the condensable hydrocarbons is nitrogen. 

44.7 The mixture of claim 44,4. wherein the condensable mixture further comprises 
oxygen, and wherein less than about , » . by weight, when calcula.ed on an a.omtc basts, 
of the condensable hydrocarbons is oxygen. 

44.8 The mix.UK of claim 44,4. wherein the condensab.c mixture further composes 
sulfur, and wherein less than about 1 % by wetght. when calculated on an atomic basts. 0. 
the condensable hydrocarbons is sulfur. 

44.9 The mixture of daim 4414. wherem the conde„sab,e mixture further comprises 
Mygen containing compound therein about 5 % by weigh, to about 30 % by we,h, o 
theLdensablchydrocarbopscomprtseoxygencontaining compounds, and w,ere,„,he 

oxygen containing compounds comprise phenols. 

44,0 The tmxture of claim 44,4. wherein the condensable mixture further comprises 
aromatic compound, atid wherein greater than abou. 20 % by weigh, of the condensable 
mixture are aromatic compounds. 

44 „ The m,x,ure of claim 4414. w herein ,he condensable mixture further comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weigh, of ,he 
condensable hydrocarbons are asphaltenes. 

44" The mixture of claim 44,4. wherein ,he condensable mixture further comprises 
cvcloalkanes. and wherein abou, 5 by weigh, ,o about 30 % by weigh, o. the 
condensable hydrocarbons are cycloalkanes. 

0 4423. The mixture of cla.m 44,4. further composing ammonia, wherein greater than 
about 0.05 % by weigh, ofihe produced mixture is ammonia. 
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4424. The mix** ofcbim 4414. further comprising ammonia, wherein ,he ammonia U 

used to produce Fertilizer. 

44 ?5 A mixture produced from a potion of a eoal formation, comprising: 

non-condensable hydrocarbons and H 2 . wherein greater than about 10 % by 

volume of the non-condensable hydrocarbons and H : comprises Hi. 

ammonia and w.ter, wherem greater than about 0.5 % by weight of the mixture 

comprises ammonia; and 

condensable hydrocarbons. 

4« The mixture of ctaim 4425. wherem the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of ,css than 5, and wherein a weigh, rano 
of the hydrocarbons having carbon numbers from 2 through 4, to methane, in the mixture 

is greater than approximately 1 • 

4427 The mtxture of Cairn 4425. wherein greater than about 0.1 % by weigh, of the 
condensable hydrocarbons, and wherein less ,han abou, 15% by weigh, ol the 
condensable hydrocarbons are olefins. 

44 , 8 The mixture of claim 4425, wherein ,he non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane m the non- 
condensable hydrocarbons ,s greater than about 0.001, and wherem a molar ratto „. 
ethene ,o e.hane in the non-condensable hydrocarbons ,s less than about 0.1 5. 

442" The mixture of claim 4425. wherein less than abou, 1 % by weigh,, when 
calcula,ed on an ammic bas.s. of the condensable hydrocarbons is nitrogen. 

4430 The mixture of claim 4425. wherein less than about 1 % by weight, when 
„ calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 
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4431 . The mixture of claim 4425. wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4432 The mixture of claim 4425. wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4433. The mixture of claim 4425, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4434 The mixture of claim 4425, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromaties with more than two rings. 

4435. The mixture of claim 4425, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4436. The mixture of claim 4425, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4437. The mixture of claim 4425, wherein the H 2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and II 2 . 

4438. The mixture of claim 4425. wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 

4439. The mixture of claim 4425. wherein the ammonia is used to produce fertilizer. 

4440. The mixture of claim 4425. wherein less than about 5 % of the condensable 
hydrocarbons have carbon numbers greater than 25. 
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4441 The mixture ol'daim 4425. wherein Ihe condensable hydrocarbons comprise 
olefin, and wherein abou, 0.001 % by weigh, of .he condensable hydrocarbons comprise 
olefins, and wherein less than about 1 5 % by weigh, of the eondensable hydrocarbons 

comprise olefins. 

444. The mixture of claim 4425. wherein' the condensable hydrocarbons comprise 
olefins and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 10 % by weigh, of the eondensable hydrocarbons 

comprise olefins. 

4443. The mixture of claim 4425. wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than abou, 1 .5 % by weigh, of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4444. The mixture of claim 4425. wherein the eondensable hydrocarbons further 
comprise nitrogen containing compounds. 

444s .* method of treating a coal formation in sin, comprising providing heat from 
three or more heat sources to at leas, a portion of ,he forma.ion. wherein three or more ol 
,he heat sources are located in the formation in a unit of heat sources, and wherem the 
unit of heat sources comprises a triangular pattern. 

4446 The method of claim 4445. wherein three or more of the hea, sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4447 The method ofelaim 4445. wherein three or more of the hea, sources are located 
,„ the fonrtauon in a plurality of,he un,,s. wherem ,he plurality of units are repeated ove, 
an area of the formation ,o form a repetitive pattern of units, and wherein a ratio of heat 

„ sources in the repetitive pattern of uni.s to produefion wells in the repetitive pattern is 

less than approximately 5. 
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444 , *^«4l*«~«~-*~:~-^ 

in the formation in a plurality of the units, where e P , U ra„t y ot un.t, are repea , „.r 

an area of the ,, m a,,on to to™ a repetitive pattern of untts. where,,, three or .ore 

and wherein the un,t of products welis comprises a trtanguiar pattern. 

444 , v*^°^™-^^"™^^ m ^l 

m lhe f 0 rma,,o„ ,n a pluralrty of the unit, wherein the plural,, C un.ts - repca d 
wherein the untt of injection wells comprises a triangular pattern. 

a „ areaofthe Nation to torm a repetit.ve pattern of units, where,,, three or m re 

he p,ura.,tv of units, wherein the three or ntore produetion wel.s are loeat d rn the 

first ,r,an g t,,ar pattern, wheretn the three or more m.ection wells are located , * 
fom a,,n in a unit of tn.eetron we,,, wherein the unit of i.eetton « ^rent 

5 than the second triangular pattern. 

44M , ^^«^™.^^«™° c ^^ m ^ 

m ^ formation ,„ a pharahty of the un.ts. wheretn the plurality of untts are repe d 
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three or more monitoring wells arc located in .he formation in a unit of monitoring »*. 
and wherein the unit of monitoring wells comprises a triangular pattern. 

4452. The method of data 4445. wherein a production well is located in an area 
defined by the unit of heat sources. 

4453 The method of claim 4445, wherein three or more of the heat sources are located 
in , he formatton in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the firs, unit is inverted with respect to the second untt. 

4454. The method of claim 4445. wherein a distance between each of the hea, sources in 
the unit of heat sources varies by less than about 20 %. 

4455. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources is approximately equal. 

4456 The method of claim 4445. wherein providing hea, from three or more hea. 
sources composes substantrally uniformly providing hea, to a, leas, the portion o, the 
formation. 

4457. The me.hod of claim 4445. wherein the heated portion comprises a subs,an,ial.y 

uniform temperature distribution. 

,458 The method of claim 4445. wherein the heated portion comprises a substantially 
uniform temperature dismbution. and wherein a difference between a hrghes, temperature 
, n , h e heated port,on and a lowes, ,em P era,ure in .he heated portion comprises less than 

about 200 °C. 

4459 The method of claim 4445. wherein a temperature a. an outer lateral boundary of 
, .he triangular pattern and a temperature at a center of the triangular pattern are 

approximately equal. 
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4460. The method of claim 4445. wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wherein the initial period of time 

5 comprises less than approximately 3 months. 

4461. The method of claim 4445, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 

,0 of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in the triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 

4462. The method of claim 4445, wherein a time required to increase a temperature at a 
, 5 coldest point within the heated portion to a selected temperature with the triangular 

pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal to a space between each of the heat sources in 
20 the hexagonal pattern. 

4463. The method of claim 4445. wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
25 at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. 

30 4464. The method of claim 4445. wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
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pal.em of heat sources is substantially equal to a lime required u. increase a lemperamre 
al ,hc coldes, pom, within .Ire healed portion lo ,hc selected tenrperaiure with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources m the 
triangular pattern is approximately 5 m greater .nan a space between each ol the heal 
sources in the hexagonal pattern. 

4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heatina a selected volume (V) of the coal formation from three or more of the heat 
0 sources, wherein the formation has an average heat capacity «' v >. and wherein heat from 
three or more of the heat sources pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than />mt, 
wherein Pwr is calculated by the equation: 
5 Pwr =-- h*V*L\*p„ 

wherein TVr is the heating energy/day, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 
1 ()-(.• day. 

20 4466. The method of claim 4445. wherein three or more of the heat sources comprise 
electrical heaters. 

4467. The method of claim 4445. wherein three or more of the heal sources comprise 

surface burners. 

4468. The method of claim 4445. wherein three or more of the heat sources comprise 
flameless distributed combustors. 

4469. The method of claim 4445. wherein three or more of the heat sources comprise 
30 natural distributed combustors. 
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4470 The method ol' claim 4445. further comprising: 

0 t the forma,,on such tha, hea, from three or more of the heat sources pyroiy.es a, leas, 
some hydrocarbons within the selected section of the formatton: and 
producing a mixture of fluids from the formation. 

4471 The method of claim 4470. further comprising controlling a temperature within at 
,ea,t a majorttv of the seiected section of the formation, wherein the pressure ,s 
strolled asatuncttonof^^ 

pressure. 

44r The method of claim 4470. further comprising controllmg the hea, such that an 

pyrolysis. 

4473 The method of claim 4470. wherein allowing the hea, to transfer from three or 
more of the hea, sources ,o the selected section comprises transferring heat suhstanfa.ly 
by conduction. 

4474 The method of clatm 4470. wherein providing hea. from three or more of the hea, 
sources to at .east the portton of the formation comprises heating the selected section 
such that a thermal conductivity of a, ,cas, a portion of the se.eeted section is greater than 

about 0.5 W/m °C. 

, 4475. The method of claim 4470. where.n the produced mixture comprises an API 

gravity of at least 25°. 

4476 The method of claim 4470. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weigh, ,o abou, 15% by weigh, oi me 
o condensable hydrocarbons are olefins. 
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4477 The method of claim 4470. where,,, the prodded mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio ofetlKnc ... ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4478 The method of claim 4470. wherein the produced mixture compnscs condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomtc 
basis, of the condensable hydrocarbons is nitrogen. 

4479 The method of claim 4470. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

4480 The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atom.e 
basis, of the condensable hydrocarbons is sulfur. 

4481 The method of claim 4470. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about , % by weigh, to about 30 % by we.gh. of .he condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

4482 The method of claim 4470, wherein the produced mtxture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

4483 The method of claim 4470. wherein the produced mixture comprise, condensable 
hvdrocarbons. and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rtngs. 



4484 The method ofcloim 447(1. wherein the produced mixture composes condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 

hydrocarbons are asphaltencs. 

4485 The method of claim 4470. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigh. ,0 about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4486 The method of claim 4470. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component composes hydrogen, 
wherein the hvdrogen ts greater than about 10 % by volume of the non-condensable 
component, and wherein the hvdrogen is less than about 80 % by volume of the non- 

condensable component. 

s 4487 The method of claim 4470. wherein the produced mixture composes ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture >s ammon.a. 

4488. The method of claim 4470. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4489 The method of claim 4470. further comprising controlling formation conditions to 
produce a mtxture of hydrocarbon fluids and H, wherein a part.al pressure ot H 2 wtthtn 
the mixture is greater than about 2.0 bar absolute. 

„ 4490 The method ofelaim 4470. further comprismg altering a pressure within the 
formation ,„ inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

449, The method ofelaim 4470. further comprising controllmg formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 



more 
per 



44 <P The memodofclaim 4470. further comprising: 

within the section; and 

heating a portion of the section with heat trom hydrogenation. 

4493. The method of claim 4470, further comprising: 
nroducinR hydrogen from the formation; and 

portion of the produced hydrogen. 

4494 ^^"^T^!. 

unif „ mlyi nerea S m ga per m ea Mlty o fa m,on ty o ft he S e,e t edsee,,o, 

4496 The mefhod of c,a im 4470. further co,« — me hea, trom rnree of 
morehea, sources to y ,eU g rea,er fhan about 60%b y we lg m of condensate 
hydrocarbons, as measured by Fischer Assay. 

the formation for each production well. 

„„ „„ ...,d * = «». — — . "»-""" " rr™ 

sources are located in the formation in a unit ot heat sources. 
0 sources comprises a triangular pattern. 
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4499. The method of claim 4470. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein throe or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4500. A method for in situ production of synthesis gas from a coal formation, 
comprising: 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unhealed section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 

and 

removing synthesis gas from the formation. 

4501 . The method of claim 4500. wherein the permeability of the section is greater than 
about 100 milhdarey when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. 

4502. The method of claim 4500. wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4503. The method of claim 4500. further comprising heating the section when providing 
; the synthesis gas generating fluid to inhibit temperature decrease in the section due to 

synthesis gas generation. 

4504. The method of claim 4500. wherein heating the section comprises convccling an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 

0 above a temperature sufficient to support oxidation of carbon within the section with the 



oxidi.mg fluid, and reaaing the oxidizing fluid wilh carbon in u>c seclion u. gc-ra.c 
heat within the section. 

4505. The method of ciaim 4504, wherein the oxidizing fluid comprises air. 

4506 The method of claim 4505, wherein an amount of the oxidizing tluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 

4507 The method of claim 4500, wherein heating the section comprises diffusing an 
oxidizin. tluid to reaction zones adjacent to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

,5 4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, wherein heating the section to a temperature sufficient 
to allow svnthesis gas generation and providing a synthesis gas generating fluid to the 

20 section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. 

4510. The method of claim 4500. further comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 

25 within the section above the temperature sufficient to generate synthesis gas. 

4511. The method of claim 4500, further comprising: 
monitoring a composition of the produced synthesis gas: and 

controlling heating of the section and provision of the synthesis gas generating 
30 fluid to maintain the composition of the produced synthesis gas w ithin a selected range. 
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45.2. The method olclaim 4511. wherein ,he selee.ee. range composes a ratio ofih to 

CO of about 2:1. 

45. 3. The method of clann 4500, vvherern the synthesis m generating fluid comprises 

5 liquid water. 

4514 . The method of claim 4500. where.n the^ynthesis gas generating fluid comprises 



steam. 



4 5, 5 The method of claim 4500. .herein the synthesis gas generating fluid composes 
vvater and carbon diox.de. and where.n the carbon d.oxide inhibits product.on of carbon 
dioxide from carbon containing material within the section. 

4 s,6 The method of claim 45,5. wherein a portion of the carbon dioxide within the 
, synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

45.7 The method of claim 4500. wherein the synthesis gas generating fluid comprises 
carbon d.oxide. and where.n a portion of the carbon d.ox.de reacts with carbon ,n the 
formation to generate carbon monoxide. 

45 .8 The method of claim 4517. wtae.n a portion of the carbon dioxide within the 
synthesis gas generat.ng fluid composes carbon dioxide removed from the formation. 

45,0 The method of claim 4500. wherein providing the synthesis gas generating fluid 
25 ,o the section composes rais.ng a water table of the format.on to allow water to flow ,n,o 

the section. 

4^0 The method of claim 4500. wherein the synthesis gas is removed from a producer 
~» equipped with a heating source, and wherein a portion of the heatmg source adjacent 
» to a svn.hes,s gas producing zone operates a, a subs.ant.ally constant temperature ,o 
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promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 

452 1 . The method of claim 4520, wherein the substantially constant temperature is 
about 700 °C\ and wherein the selected composition has a 1 1 2 to CO ratio of about 2:1. 

4522. The method of claim 4500. wherein the sy nthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H 2 
concentration of the generated synthesis gas. 

4523. The method of claim 4500. wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carton numbers greater than 4. and wherein at least a 
portion of the hydrocarbons react Within the section to increase an energy content of the 
synthesis gas removed from the formation. 

45^4 The method of claim 4500. further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4525. The method of claim 4500. further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4526 The method of claim 4500. further comprising generating electricity from the 
svnthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4527. The method of claim 4500. further comprising using a portion of the synthesis gas 
) as a combustion fuel to heat the formation. 
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4^8 The method of claim 4500. further comprising converting a. least a portion of the 
produced synthesis gas ,o condensabic hydrocarbons using a f ischcr-.ropsch symhes.s 

process. 

4529. The method of claim 4500. further comprismg convert,,,, a, leas, a portion of the 

produced synthesis gas to methanol. 

4530. The method of claim 4500. further comprising converting a, least a portion of the 

produced synthesis gas to gasoline. 

453 , . T he method of claim 4500, further comprising converting a, least a portion of the 
synthesis gas to methane using a catalytic methanatton process. 

4532 The method of ctaim 4500, further comprising provrding heat from three or more 
he* sources ,0 at leas, a portion of the formation, wherein three or more of the hea, 
sources are located in the formation ,n a unit of hea. sources, and wherein the unit of hea, 

sources comprises a triangular pattern. 

4533 The method of claim 4500, further comprising providmg hea, from three or more 
hea. sources to a. leas, a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni, of hea. sources, wherein .he unit of heat 
sources comprises a mangulaf pattern, and wherein a plurali.v of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

, 4534. A method of treating a coal formation in situ, comprising: 

providing heal from one or more heat sources ,o a, leas, a portion of the 

formation: 

allowing the hea. to transfer from the one or more hea. sources to substannally 
uniformly increase a permeability of .he portion and to increase a temperature of the 
,0 portion to a temperature sufficient to allow synthesis gas generation: 



859 



providing a synthesis gas generating fluid •» * ■ *« *° P">»">" ""' lhc ^ 
section wherein the synthesis gas generating fluid comprises earbon chox.de: 

obtaining a portion of the earbon dioxide of the synthesis ga S generating fluid 
from the formation: and 

producing synthesis gas from the formation. 

4535 The method of claim 4534. wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °C to about 1200 °C. 

4536 The method of claim 4534. further comprising using a second portion of the 
separated carbon dioxide as a Hooding agent to produce hydrocarbon bed methane from a 

coal formation. 

4537. The method of claim 4536, wherein the coal formatton is a deep coal formation 

over 760 m below ground surface. 

4538. The method of claim 4536. wherein the coal formation adsorbs some of the 
carbon dioxide to sequester the carbon dioxide. 

4539 The method of claim 4534, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4540 The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having earbon numbers less than 5, and wherein a, leas, a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
1 1, concentration within the produced synthesis gas. 



4,41 The method of claim 4534. wherein the synthesis gas generating fluid comprises 
water and hvdrocarbons having carbon numbers greater than 4. and wherein a, leas, a 
0 portion of the hy drocarbons react w ithin the selected section ,„ increase an energy 

content of the produced synthesis gas. 
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454, The method of claim 4534. further comprising maintaining a pressure wilhin .he 
formation during synthesis gas generation, and pass.ng produced synthests gas through a 

turbine to generate electricity. 

4543 . The method of claim 4534. further compri.ing generating electricity from the 

synthesis gas using a fuel cell. 

4544 The method of claim 4534. further composing generattng electricity from the 
synthesis B as using a fuel ce„. scparattng carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portton ol the 

formation. 

4545. The method of claim 4534. further comprising using a portton of the synthesis gas 
as a combustion fuel for heating the formation. 

4546 The method of clatm 4534. further comprising converting a, least a portion of the 
produced synthests gas to condensable hydrocarbons using a Kischer-Tropsch synthests 

process. 

4547. The method of claim 4534, further comprising converting a, leas, a portion of the 
produced synthesis gas to methanol. 

4548. The method of claim 4534. further comprtsing converting a. leas, a portion of the 

produced synthesis gas to gasoline. 

4549. The method of claim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534. wherein a temperature of the one or more heat sources 
wcllbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H 2 to carbon monoxide of greater than about 2. 

455 1 . The method of claim 4534. wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H 2 to carbon monoxide of less than about 2. 

4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of 1 1 2 to carbon monoxide of approximately 2. 

4553. The method of claim 4534, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. 

4554. The method of claim 4534, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 

4555. The'method of claim 4534, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 

4556. The method of claim 4534. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4557. The method of claim 4534. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit ot heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4558. A method of in situ synthesis gas production, comprising: 

providing heat from one or more nameless distributed combustor heaters to at 

least a first portion of a coal formation: 

allowing the heat to transfer from the one or more heaters to a selected section of 

the formation such that the heat from the one or more heaters substantially uniformly 

increases a permeability of the selected section, and to raise a temperature of the selected 

section to a temperature sufficient to generate synthesis gas: 

introducing a synthesis gas producing fluid into the selected section to generate 

synthesis gas: and 

removing synthesis gas from the formation. 

4559. The method of claim 4558, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

4560. The method of claim 4558, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4561 . The method of claim 4558. further comprising producing pyrolyzation products 
from the formation when raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 

4562. The method of claim 4558. further comprising separating a portion of carbon 
dioxide from the removed synthesis gas. and storing the carbon dioxide within a spent 

0 portion of the formation. 
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4563. The method of claim 4558. further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 

4564 The method of claim 4558. further comprising separating a portion of H 2 from the 
removed synthesis gas; and using a portion of the separated H 2 as fuel for the one or more 
heaters. 

4565. The method of claim 4564. further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 

4566. The method of claim 4558. further comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

4567. The method of claim 4566, wherein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4568. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 

4569. The method of claim 4566. wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon dioxide produced by the fuel cell. 

4570. The method of claim 4558. further comprising using a portion of the removed 
synthesis gas as a feed product for formation of hydrocarbons. 
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4,7, The method ofdaim 4558. wherem .he synthesis gas producing fluid compmcs 
hvdrocarbons having carbon numbers less than 5. and wherem ,hc hydrocarbons crack 
wlt h,n ,hc t or m at,„n to increase an am„„n, olll: within ,he generated symhests gas. 

457, The method of claim 4558. forth* comprising provtdtng heat from three or more 
heat sources to at least a portion of the formation, wherein three or more o. the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of hea, 

sources comprises a triangular pattern. 

4,73 The method of Cairn 4558. further comprising providing hea, from three or more 
hea, sources ,o a, leas, a portion of.he forma.ion. wherein three or more of ,he hea, 
, our ces are loca.ed m the lorma.ion in a unit of hea, sources, whercn ,he uni, o. hea, 
sources comprises a rriangular pattern, and wherem a plurality of .he uni,s are repeated 
over an area of the formation to form a repetitive pattern of units. 

4574 A method of treating a coal formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 

temperature sufficient to pyroiyze hydrocarbons withtn the portion; 
producing pyrolyzation fluid from the formation; 
separating a fuel cell feed stream from the pyrolyzation fluid: and 
directing the fuel cell feed stream to a fuel cell to produce electricity: 

4575. The method of Cairn 4574, wherem the fuel cell is a molten carbonate fuel cel.. 

5 4576. The method of claim 4574. wherein the fuel eell is a solid oxide fuel cell. 

4577. The method of claim 4574. further comprising using a portion of .he produced 

electricity to power the electrical heaters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 

4579. The method of claim 4574. wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 5. 

4580. The method of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 3. 

4581 . The method of claim 4574. further comprising hydrogenating the pyrolyzation 
fluid with a portion of H 2 from the pyrolyzation fluid. 

4582. The method of claim 4574, wherein the hydro genatton is done in situ by directing 
the H 2 into the formation. 

4583. The method of claim 4574. wherein the hydrogenation is done in a surface unit. 

4584 The method of claim 4574, further comprising directing hy drocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce H 2 , and producing a portion of the hydrogen from 
the formation. 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 
adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4586. The method of claim 4574. further comprising storing C0 2 from the fuel cell 
within the formation. 
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4587. The method of claim 4586. wherein the C() 2 is adsorbed to carbon material within 
a spent portion of the formation. 

4588. The method of claim 4574. further comprising cooling the portion to form a spent 
5 portion of formation. 

4589. The method of claim 4588, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

10 4590. The method of claim 4589, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4591. The method of claim 4589, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

15 

4592. The method of claim 4574, further comprising: 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of the pyrolyzation fluids; 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
20 gas; and 

removing a portion of the synthesis gas from the formation. 

4593 . The method of claim 4592. further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 

25 by passing the produced synthesis gas through a turbine. 

4594. The method of claim 4592. further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 

30 4595. The method of claim 4592. further comprising producing steam from operation of 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing Ouid. 

4597. The method of claim 4592. further comprising using a portion of the synthesis gas 
to produce hydrocarbon product. 

4598. The method of claim 4592, further comprising cooling the portion to form a spent 
portion of formation. 

4599. The method of claim 4598. wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4600. The method of claim 4599, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4601. The method of claim 4599. further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4602. The method of claim 4574, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4603. The method of claim 4574. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4*04. A me.hod for in situ product,,, of synthes.s gas from a coa, formation. 

comprising: 

formation; 

lowing the heat ,o transfer from .he one or more heat sources to a selccte 

le as, some of.be hydroearbons w,,h,n the selected section of the formats 
producing pyrolysis products from the formation; 

heating a, least a portion of the seiected sectton to a temperature suffic.en, ,0 

0 generate synthesis gas: ^ mp a 
pr „vid,n g a synthesis gas generating fluid to at leas, the person of the sdected 

section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formatton. 

15 4605 The method of elatm 4604, where,,, the one or more hea, sources comprise a, 
1 eas,,w„hea,sources.a„d W herei„superpos,t,„nofheatfroma, 1 cast,hc,wohea, 

sourC es pyroly.es at least some hydrocarbons within the se.ec.ed sectton o, the 

formation. 

permeability of the selected section. 

4607 The method of Cairn 4604. further comprising con.rol.ing hea, transfer fom the 
than about 100 millidarcy. 

4608 The method ofelaim 4604. further comprising heating at .cast the portion of the 
3 „ decrease within the selected section during synthesis gas generat.on. 



20 
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46(1 , The me.hod „f ela.m 4,04. wherem .he temperature sufficient ,„ allow synth«s 
ga s generation is w„h,n a range from approximately 40.) C to approximately 1-00 t. 

46,0 The method of claim 4604. wherein heating at leas, the portion of the seleeted 
section to a temperature sufficient to a.low synthesis m generation comprises: 

heating zones adjacent to wellbores of one or more heat sourees with heaters 
disposed in th"e we.lbores. wherein the heaters are configured ,0 ra.se temperatures o, the 
.ones ,0 temperatures suffietent to support reaction of hydrocarbon material w,,h,n the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid ,0 the zones substantially by diffuston: 
allowing .he oxidizing fluid to reac, with a, leas, a portion of the hydroearbon 
material within the zones to produee heat in the zones; and 

transferring heat from the zones to the seleeted seet.on. 

46, 1 The method of e.a.m 4604, wherein heating a, least the portion of the selected 
section to a temperature sufficient to allow synthests gas generation eompnses: 
in.rodt.eing an oxidizing fluid into the formation through a wellbore: 
transporting the oxidizing fluid substantially be conveetion into the portion o, the 

seleeted sect.on. wherein ,he portion of the seleeted seetion is at a temperature suffietent 

to support an oxidization reaetion with the oxidizing fluid: and 

reacting the oxidizing fluid w.thin the portion of the seleeted seetion to generate 

heat and raise the temperature of the portion. 

46,2. The method of e,a,m 4604. wherein .he one or more hea, sourees comprise one or 
; more electrical heaters disposed in the formation. 

461 3 The method of claim 4604. wherein one or more hea. sourees compose one or 
m „re heater wells, wherein at leas, one heater well comprises a condut, disposed w,„„„ 
uk formation, and further comprising heating the conduit by flowing a ho, fluid through 

0 the conduit. 
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4614 The method of claim 46(14. where, heating a, leas, the portion of the selected 
section «, a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid * at least the portion of the selected seet.on composes 
introducing steam into the portion. 

4615. The method of claim 4604. further composing controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

461 6. The method of claim 4604. further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of at least the portion of selected section and provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. 

4617. The method of claim 4604. wherein the synthesis gas generating fluid comprises 
liquid water. 



4618. The 
steam. 



method of claim 4604, wherein the synthesis gas generating fluid comprises 



4619 The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
5 dioxide from the selected section. 

46^0 The method of claim 4619. wherein a portton of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4( „ ^^rf*** — *^«^7T£" 

formation to generate carbon monoxide. 

4o , 2 The method of Caim 462.. wheKin a portion of the carbon d.oxide within the 

4m The method of c.atm 4604. wherein Riding .he synthesis gas generatrng fluid 
t0 a, .east the portton of the se.ected section comprises ratsing a water table of the 
fonra Uon,o,.ow^«»n Wi n«,.h e m^««pc rt ionof^ S e.c^^K m . 

46 , 4 The method of Cain, 4604. wherein the synthesis gas generat.ng fluid compnses 

por tion„fthehydr„carbo„s are subjected to a reactton W ith,„ a, .east the port.onofthe 
Lected section to mcrease a H : concentration wtthin the produced synthests gas. 

4*5 The method of c.atm 4604. wnerem the synthesis gas generattng flu.d comprises 
water and nvdrocarbons havtng carbon numbers greater than 4. and wherem a, ,eas a 
plrtionoftne hydrocarbons react w.thin a, ieast the ponton of the seiected sectton to 
0 increase an energy content of the produced synthests gas. 

46 ^6 The method of c.aim 4604. further comprising mamtaining a pressure wuhin the 
turbine to generate electricity. 
" 4627. The method of c.aim 4604. further comprising generating c.ectncity from the 
synthesis gas using a fuel cell. 

46>8 The method of ciaun 4604. further comprising generating e.ectrtcity from the 



and storing a portion of the separated carbon dioxide within a spent section of the 



formation. 



4629. The method of claim 4604. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4630. The method of claim 4604, further composing converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

463 1 . The method of claim 4604. further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4632. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4633. The method of claim 4604. further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4634. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4635. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and w herein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4636. A method for in situ production .1 synthesis gas from a coal formation. 

comprising: 

heating a first portion of the formation to pyro.y* some hydrocarbons w„h,n the 

first portion; 

allowing the hea, to transfer from one or more heat sources to a se.ee.cd section 

of the formation. 

pyrolyzing hydrocarbons within the selected section; 

producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient ,„ allow 

svnthesis gas generation; 

' introducing a. least a portion of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 
producing synthesis gas from the formation. 

4637 The method of claim 4636. wherein the temperature sufficient to allow synthes.s 
gas generation ranges from approximately 400 °C to approximately ,200 °C. 

4638 The method of claim 4636. further composing separating ammonia within the 
2 „ aqueous phase from the aqueous phase prior to introduction of at leas, the portion of the 

aqueous fluid to the second section. 

4639 The method of C.a,m4636. wherein a permeability of the second portron ofthe 
formation is substantially uniform and greater than about ,00 mill.darey when the 

,5 temperature sufficient to allow synthesis gas generation is achieved. 

4640 The method of claim 4636. further comprising heating .he second portion of the 
formation during introduction ofat least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due ,„ synthesis gas 

30 generation. 
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464, The method of claim 4636. where, heating the second portion of .he formation 
comprise, convecting an „x,d,z„,g fluid into a portion of the second portion tha, ts above 
. temperature sufficient to support oxidation of carbon within the portion wtth the 
oxidizing fluid, and reacting the oxidizing fluid «i* «*« in the portion to generate 
5 heat within the portion. 

4642 The method of claim 4636, wherein heating the second portion of the formation 
comprises diffusing an oxtdizmg fluid ,0 reaction zones adjacent to wellbores wtth.n the 
formation, oxidizing carbon within the reaction zones «o generate heat, and transferring 

10 the heat to the second portion. 

4643 The method ofclaun 4636. wherein heating the second portion of the formation 
comprises heating the second section by transfer of hea, from one or more eleetrtca. 
heaters. 

4644 The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the second action with a nameless distributor eombustor. 

4645. The method of claim 4636, wherein heating the second portion of the formation 
20 comprises injecting steam into at least the portion of the formation. 

4646. The method of claim 4636. wherein at least a portion of the aqueous fluid 
comprises a liquid phase. 

25 4647. The method of claim 4636. where,,, the aqueous fluid comprises a vapor phase. 

4648 The method of claim 4636. further comprising adding carbon dioxide ,„ at leas, 
thc portion of aqueous fluid ,0 inhibit production of carbon dioxide from carbon w,th„, 

the formation. 



30 
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4649. The me,hod ofclaim 4648. wherein a portion of .he carbon dioxide comprises 
carbon dioxide removed from the ibrmalion. 

4 65„ The method ofclaim 4636. further comprising adding hydrocarbons with carbon 
5 numbers less than 5 to a. least the portion of the aqueous fluid .0 increase a H, 
concentration within the produced synthesis gas. 

465. The method ofclaim 4636, further composing adding hydrocarbons with carbon 
numbers less than 5 to a. least the portion of the aqueous fluid to increase a H 2 
,. concentration within the produced synthesis gas. wherein the hydrocarbons are obtained 
from the produced fluid. 

4652 The method of claim 4636, further comprising adding hydrocarbons greater than 4 
,o at least the portion of the aqueous fluid to increase energy content of the produced 

15 synthesis gas. 

4653 The method ofclaim 4636. further comprising adding hydrocarbons greater than 4 
,„ at least the portion of the aqueous fluid to increase energy eonten, of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

46M The method of claim 4636, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

25 4655. The method ofclaim 4636. further composing generating electricity from the 

synthesis gas using a fuel cell. 

4656 The method ofclaim 4636. further comprising generating electricity from the 
S v„,hes,s gas using a fuel cell, separating carbon dioxide from a fluid exiting the tucl cell 
30 and storing a portion of the separated carbon diox.de w ithm a spent portion ot the 

formation. 



876 



4657. The method ofclaim 4636. further comprising using a portion of Ac synthesis gas 
as a combustion fuel for the one or more heat sources. 

4658 The method ofclaim 4636, further comprising convening a, icast a portton of the 
produced synthesis gas ,0 eondensab.e hydrocarbons using a Fischer-Tropsch synthests 

process. 

46 59. The method ofclaim 4636. further compnsmg converting at least a portion of the 
produced synthesis gas to methanol. 

4660. The method ofclaim 4636. further comprismg converting a, leas, a portion of .he 

produced synthesis gas to gasoline. 

, 4661. The method of claim 4636. further compnsmg converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

466^ The method ofclaim 4636, further comprising providing heat from three or more 
heat sources to a, least a portion of the formation, wheretn three or more of the heat 
„ sources are located in the formation in a unit of hea, sources, and wherein the urn. of hea, 

sources comprises a triangular pattern. 

4663 The method ofclaim 4636. further compnsmg providtng hea, from three or more 
heat sources to a. leas, a portion of the formation, wheretn three or more of the hea, 

, s sources are located in ,he Tormaiion in a uni, of hea, sources, wherein the urn. of hea, 
sour ces comprises a ,rian B u,ar pa„cm. and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive paUern ot units. 
4664. A method for in situ production of synthesis gas from a coal formation. 

30 comprising: 



heating a portion of the formation with one or more heat sources to create 
.creased and substantially untlonn permeability within a portion of the formation and to 
mi* a temperature within the portton to a temperature sufficien, to allow syn.hes.s gas 

generation: 

providing a synthesis gas generating fluid into the portion through at least one 
injection wellbore to generate syntheses from hydrocarbons and the synthesis gas 

generating fluid; and 

producing synthesis gas from a, leas, one hea, source wellbore tn which ,s 
posi.toned proximate to a heat source of the one or more heat sources. 

4665. The method of claim 4664. wherein the temperature sufficen, to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4666 The method of claim 4664, wherein creating a substantially uniform permeability 
comprises hearing the portion to a temperature within a range sufficient to pyroly.e 
hydrocarbons within the portion, raising the temperature withtn the portion at a rate o 
less than about 5 °C per day during pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation, 

4667 The method of claim 4664, further comprising removing fluid from the formation 
through a, leas, the one injection wellbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 

4668 The method of claim 4664. where,,, the injection wellbore comprises a wellbore 
of a heat source in which is positioned a heat source of the one or more heat sources. 

4669 The method of claim 4664. further comprising heating the selected portion during 
providing the synthesis gas genera.ing fluid ,o inhibi, temperature decrease in a, leas, the 
portion of the selected section due to sy nthesis gas generation. 
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4670 The method of Cain, 4664. Mhcr comprising prov.ding a portion o! the hca, 
needed u. raise the temperature suffice,,, to *. ^<hes,s S as generation by convecung 
an „ X ,di Z ing fluid to hydrocarbons within the sciectcd section ,o oxidi.e a portion o. the 

hydrocarbons and generate heat. 

467. The metal of Ca,m 4664. further comprising controU.ng the heating of the 
selected section and provision of the synthesis gas generattng fluid ,„ ma.nratn a 
.emperature w.thtn the seieeted sect.on above the temperature suff.cent to generate 
synthesis gas. 

467-> The method of elaim 4664, further comprising: 

monitoring a composition of the produced synthesis gas; and 
C o„,ro,l,„ E heating of the se.ected section and proviston of the 

generating flu.d to maintatn the composition of the produced synthesis gas w.th.n a 

desired range. 

4673. The method of Cairn 4664, where.n the synthesis gas generating fluid comprises 
liquid water. 

4674. The method of Cairn 4664, where.n the synthes.s gas generating fluid comprtses 

steam. 

4675. The method of Cairn 4664, where.n the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthes.s gas. 

4676. The method of Cairn 4664. wherein the synthesis gas generating fluid comprises 

water and carbon dioxide. 



5 



4677. The method of claim 4676. wherein a portion of the carbon dioxide comprises 
30 carbon dioxide removed from the formation. 
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4678. The method of claim 4664. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4679. The method of claim 4678, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 
enter the selected section. 

468 1 . The method of claim 4664. wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
IT concentration within the produced synthesis gas. 

4682. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4. and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 

4683. The method of claim 4664. further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4684. The method of claim 4664. further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4685. The method of claim 4664. further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell 
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and storing a portion of the separated carbon dioxide within a spent portion of the 



formation. 



4686. The method of claim 4664, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4688. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4689. The method of claim 4664, further comprising converting at least a portion of the 
produced sy nthesis gas to gasoline. 

4690. The method of claim 4664, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4691. The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of II 2 to carbon monoxide of greater than about 2. 

4692. The method of claim 4664. wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H 2 to carbon monoxide of less than about 2. 

4693. The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a sy nthesis 

0 gas having a ratio of Hi to carbon monoxide of approximately 2. 



88 



4694. The method of claim 4664. wherein a heat source of the one or more heat sources 
comprises an electrical heater. 

4695. The method of claim 4664, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 



4696. The method of claim 4664, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 



wellbore. 



4697. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4698. The method of claim 4664. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4699. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzcs at 
least a portion of hydrocarbon material within the selected section of the formation: 
producing pyrolysis products from the formation: 
heating a first portion of a formation with one or more heat sources to a 
temperature sufficient to a^low generation of synthesis gas: 



providing a first synthesis gas generating iluid to the first portion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the formation; 

heating a second portion of a formation with one more heat sources to a 
5 temperature sufficient to allow generation of synthesis gas having a H 2 to CO ratio 
greater than a H 2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas from the formation; and 
,0 blending a portion of the first synthesis gas with a portion of the second synthesis 

gas to produce a blended synthesis gas having a selected H 2 to CO ratio. 

4700. The method of claim 4699, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

1 5 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

470 1 . The method of claim 4699. wherein the first synthesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 

20 

4702. The method of claim 4699, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4703. The method of claim 4699. further comprising controlling the temperature in the 
25 second portion to control a composition of the second synthesis gas. 

4704. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

30 4705. The method of claim 4699. wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2: 1 H 2 toCO. 
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4706. The method of claim 4699. wherein the selected ratio is controlled to be 
approximately 3:1 Hi to CO. 

4707. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4708. The method of claim 4699, further Comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 

4709. The method of claim 4708, wherein the condensable hydrocarbon s> nthesis 
process comprises a Fischer-Tropsch process. 

4710. The method of claim 4709, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

471 1. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 

4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

471 3. The method of claim 4699. further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 

, maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H 2 to CO ratio greater the first synthesis gas. 

V 884 Con.c>.Rosc&Ta>on.Pl- 




471 5. The method of claim 4699. wherein the first synthesis gas producing fluid 
comprises C0 2 and wherein the temperature of the first portion is at a temperature that 
will result in conversion of C0 2 and carbon from the first portion to CO to generate a CO 

5 rich first synthesis gas. 

47 1 6. The method of claim 4699, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H 2 

1 o concentration within the produced second synthesis gas. 

471 7. The method of claim 4699, w herein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H 2 to CO mixture; of less than the selected ratio, and subjecting the intermediate 

1 5 mixture to a shift reaction ( to reduce an amount of CO and increase an amount of H 2 to 
produce the selected ratio of H 2 to CO. 

471 8. The method of claim 4699. further comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO. subjecting the first synthesis 

20 gas to a shift reaction to reduce an amount of CO and increase an amount of H 2 before 
blending the first synthesis gas with the second synthesis gas. 

47 1 9. The method of claim 4699. further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 

25 turbine to generate electricity. 

4720. The method of claim 4699. further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second sy nthesis gas through a 
turbine to generate electricity. 
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472 1 . The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4722. The method of claim 4699. further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 
the formation. 

4723. The method of claim 4699,, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4724. The method of claim 4699, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected .section. 

4725. The method of claim 4699, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 miilidarcy. 

4726 . The method of claim 4699, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4727. The method of claim 4699. wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4728. The method of claim 4699. wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
, disposed in the wellbores. wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4729. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores. wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4730. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the first portion 
of the selected section, wherein the first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid: and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 

473 1 . The method of claim 4699. wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
, introducing an oxidizing fluid into the formation through a wellbore: 
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transporting the oxidizing iluid substantially by convection into the second 
portion of the selected section, wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the second portion of the selected section to 
generate heat and raise the temperature of the second portion. 

4732. The method of claim 4699, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4733. The method of claim 4699. wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4734. The method of claim 4699, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4735. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 

4736. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second sy nthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion. 

4737. The method of claim 4699. further comprising controlling the heating of the first 
portion of selected section and provision of the first sy nthesis gas generating fluid to 

, maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4738. The method of claim 4699. further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the second portion of the selected section above 

5 the temperature sufficient to generate synthesis gas. 

4739. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises liquid water. 

10 4740. The method of claim 4699. wherein the second synthesis gas generating fluid 
comprises liquid water. 

4741 . The method of claim 4699. wherein the first synthesis gas generating fluid 
comprises steam. 

15 

4742. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises steam. 

4743. The method of claim 4699, wherein the first synthesis gas generating fluid 

20 comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4744. The method of claim 4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 

25 formation. 

4745. The method of claim 4699. wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 
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4746. The method of claim 4745. wherein a portion of the carbon dioxide within the 
second synthesis gas generating tluid comprises carbon dioxide removed from the 



formation. 



4747. The method of claim 4699, wherein the first synthesis gas generating tluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4749. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts w ith carbon 
in the formation to generate carbon monoxide. 

4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

475 1 . The method of claim 4699, wherein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

4752. The method of claim 4699. wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 

4753. The method of claim 4699. wherein the first synthesis gas generating fluid 

) comprises water and hydrocarbons having carbon numbers less than 5. and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the first portion ot 
the selected section to increase a H 2 concentration within the produced first synthesis gas. 

4754. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H 2 concentration within the produced second 
synthesis gas. 

4755. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers greater than 4. and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

4756. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy content of the second produced synthesis gas. 

4757. The method of claim 4699, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4758. The method of claim 4699. further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4759. The method of claim 4699. further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide w ithin a spent section of 
the formation. 
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4760. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

476 1 . The method of claim 4699, further comprising using a portion of the tirst 
synthesis gas as a combustion fuel for the one or more heat sources. 

4762. The method of claim 4699, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 

4763. The method of claim 4699. further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4764. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 

generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 

synthesis gas having a selected H 2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas: and 

producing a portion of the synthesis gas from the formation. 

4765. The method of claim 4764. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
) sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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4766. The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 2:1 \h to CO. 

5 4767. The method of claim 4764, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H 3 to CO. 

4768. The method of claim 4764. wherein the selected ratio is controlled to be 
approximately 3:1 H^to CO. 

10 

4769. The method of claim 4764. wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4770. The method of claim 4764, further comprising providing at least a portion of the 
1 5 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

477 1 . The method of claim 4770, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

20 

4772. The method of claim 477 1 , further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4773. The method of claim 4764, further comprising providing at least a portion of the 
25 produced synthesis gas to a catalytic methanation process to produce methane. 

4774. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gaij to a methanol-synthesis process to produce methanol. 

30 4775. The method of claim 4764. further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4776. The method of claim 4764. further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4778. The method of claim 4764, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4779. The method of claim 4764, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4780. The method of claim 4764. wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion: 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

4781. The method of claim 4764. wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore: 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with thd oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
5 heat and raise the temperature of the portion. 

4782. The method of claim 4764, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

,0 4783. The method of claim 4764, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4784. The method of claim 4764, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 

15 the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4785. The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 

20 synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4786. The method of claim 4764. further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 

25 maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4787. The method of claim 4764. wherein the synthesis gas generating fluid comprises 
liquid water. 
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4788. The method of claim 4764. wherein the synthesis gas generating fluid comprises 
steam. 

4789. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
5 water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

dioxide from the selected section. 

4790. The method of claim 4789, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

10 

4791 . The method of claim 4764, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

15 4792. The method of claim 4791, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4793. The method of claim 47(>4. w herein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 

20 formation to allow water to flow into the at least the portion of the selected section. 

4794. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 

25 selected section to increase a IT concentration within the produced synthesis gas. 

4795. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4. and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 

30 increase an energy content of the produced synthesis gas. 
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4796. The method of claim 4764, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4797. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4798. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4799. The method of claim 4764, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4800. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section of the formation: 

producing pyrolysis products from the formation: 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature in or proximate to a synthesis gas production well to 
generate synthesis gas having a selected \ h to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing sy nthesis gas from the formation. 
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480 1 . The method of claim 4800. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons w ithin the selected section of the 
formation. 

5 

4802. The method of claim 4800. wherein the selected ratio is controlled to be 
approximately 2:1 H2 to CO. 

4803. The method of claim 4800. wfverein the selected ratio is controlled to range from 
10 approximately 1.8:1 to approximately 2.2:1 H 2 toCO. 

4804. The method of claim 4800, wherein the selected ratio is controlled to be 
approximately 3:1 H 2 to CO. 

15 4805. The method of claim 4800, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H 2 to CO. 

4806. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

20 condensable hydrocarbons. 

4807. The method of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

25 4808. The method of claim 4807. further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4809. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 
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48 1 0. The method of claim 4800. further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4811. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4812. The method of claim 4800, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4813. The method of claim 4800. further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

4814. The method of claim 4800, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4815. The method of claim 4800, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4816. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid: 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
i material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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4817. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4818. The method of claim 4800. wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

48 19. The method of claim 4800, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4820. The method of claim 4800. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4821. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4822. The method of claim 4800. further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 

) temperature sufficient to generate synthesis gas. 
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4823. The method of claim 4800. wherein the synthesis gas generating iluid comprises 
liquid water. 

4824. The method of claim 4800, wherein the synthesis gas generating iluid comprises 
steam. 

4825. The method of claim 4800. wherein the synthesis gas generating fluid comprises 
water and carbon dioxide. 

4826. The method of claim 4825, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4827. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4828. The method of claim 4827, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4829. The method of claim 4800, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4830. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5. and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 

483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comprises 
) water and hydrocarbons having carbon numbers greater than 4. and wherein at least a 
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portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced sy nthesis gas. 

4832. The method of claim 4800, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4833. The method of claim 4800, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4834. The method of claim 4800, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4835. The method of claim 4800, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4836. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyro lysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H 2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 
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producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtain a gas having a selected 
5 Ho to CO ratio. 

4837. The method of claim 4836. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
10 formation. 



4838. The method of claim 4836. wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

1 5 4839. The method of claim 4836, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 H 2 to CO. 

4840. 1 he method of claim 4836, wherein the selected ratio is controlled to be 
approximately 3:1 H2to CO. 

20 

4841 . The method of claim 4836, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 H 2 toCO. 

4842. The method of claim 4836, further comprising providing at least a portion of the 
25 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4843. The method of claim 4842. w herein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

30 
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4844. The method of claim 4843, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4845. The method of claim 4836, further comprising providing at least a portion of the 
5 produced synthesis gas to a catalytic methanation process to produce methane. 

.1 

4846. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

o 4847. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4848. The method of claim 4836, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 

1 5 permeability of the selected section. 

4849. The method of claim 4836. further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

20 

4850. The method of claim 4836, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

25 4851. The method of claim 4836. wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4852. The method of claim 4836. wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
30 heating zones adjacent to wellbores of one or more heat sources with heaters 

disposed in the wellbores. wherein the heaters are configured to raise temperatures of the 
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/ones to temperatures sufficient to support reaction of hydrocarbon material within the 

zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion: 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
5 material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

4853. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

1 o introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
1 5 heat and raise the temperature of the portion. 

4854. The method of claim 4836. wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

20 4855. The method of claim 4836, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4856. The method of claim 4836, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 

25 the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4857. The method of claim 4836. wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 

30 synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 
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4858. The method of claim 4836. further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 

5 temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
liquid water. 

10 4860. The method of claim 4836. wherein the synthesis gas generating fluid comprises 
steam. 

4861 . The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

1 5 dioxide from the selected section. 

4862. The method of claim 486 1 . wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

20 4863 . The method of claim 4836. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4864. The method of claim 4863. w herein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4865. The method of claim 4836. wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

30 
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4866. The method of claim 4836. wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 

4867. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4868. The method of claim 4836, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4869. The method of claim 4836, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4870. The method of claim 4836, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4871. The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4872. A method of forming a spent portion of formation within a coal formation, 
comprising: 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion: and 
cooling the first portion. 
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4873. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 

4874. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the first portion from one or more natural distributor combustors. 

4875. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more flameless distributor combustors. 

4876. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. 

4877. The method of claim 4876, wherein the heat transfer fluid comprises steam. 

4878. The method of claim 4876, wherein the heat transfer fluid comprises combustion 
products from a burner. 

4879. The method of claim 4872. wherein heating the first portion comprises 
transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of abase heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 

4880. The method of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 1 5 m. 

4881 . The method of claim 4879. further comprising removing fluid from the formation 
through one or more production wells. 




4882. The method of claim 4881, wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater units. 

5 4883. The method of claim 4879, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884. The method of claim 4879, wherein the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. 

10 

4885. The method of claim 4879, wherein the heater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4886. The method of claim 4879, wherein the heater unit comprises six heater wells 
1 5 positioned substantially at apexes of a regular hexagon. 

4887. The method of claim 4872, further comprising introducing water to the first 
portion to cool the formation. 

20 4888. The method of claim 4872, further comprising removing steam from the 
formation. 

4889. The method of claim 4888, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4890. The method of claim 4872, further comprising removing pyrolyzation products 
from the formation. 

4891 . The method of claim 4872. further comprising generating sy nthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 

synthesis gas from the formation. 
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4892. The method of claim 4872, further comprising heating a second section of the 
formation to pyrolyzc hydrocarbons within the second portion, removing pyrolyzation 
fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the first portion. 

4893. The method of claim 4892, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 

4894. The method of claim 4892. further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from the first portion. 

4895. The method of claim 4872, further comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 

4896. The method of claim 4895, wherein the portion of the removed synthesis gas from 
the second portion are stored within the first portion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. 

4897. The method of claim 4895, further comprising heating the first portion to 
facilitate remov al of the stored synthesis gas from the first portion. 

4898. The method of claim 4872. further comprising removing at least a portion of 
carbon containing material in the first portion. 

4899. The method of claim 4898. further comprising using at least a portion of the 

i carbon containing material removed from the formation in a metallurgical application. 
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4900. The method of claim 4899, wherein the metallurgical application comprises steel 
manufacturing. 

490 1 . A method of sequestering carbon dioxide within a coal formation, comprising: 
heating a portion of the formation to increase permeability and form a 

substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

4902. The method of claim 4901 . wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4903. The method of claim 4901 , further comprising raising a water level within the 
portion to inhibit migration of the carbon dioxide from the portion. 

4904. The method of claim 4901 , further comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 

4905 . The method of claim 490 1 , further comprising pyrolyzing hydrocarbons within 
the portion during heating of the portion, and removing pyrolyzation product from the 
formation. 

4906. The method of claim 490 1 . further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 

4907. The method of claim 4901. wherein heating the portion comprises: 

heating hydrocarbon material adjacent to one or more wellbores to a temperature 
sufficient to support oxidation of the hydrocarbon material with an oxidizing fluid: 
introducing the oxidizing fluid to hydrocarbon material adjacent to the one or 
) more wellbores to oxidize hydrocarbons and produce heat: and 
conveying produced heat to the portion. 



4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one or more wells comprises electrically heating the hydrocarbon material. 

4909. The method of claim 4907. wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

4910. The method of claim 4901, wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 

49 1 1 . The method of claim 49 1 0. wherein the heat transfer fluid comprises combustion 
products from a burner. 

4912. The method of claim 4910. wherein the heat transfer fluid comprises steam. 

49 1 3 . The method of claim 490 1 , further comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 

4914. The method of claim 490 1 , further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. 

4915. The method of claim 4901. further comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

4916. The method of claim 4901 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 

4917. The method of claim 4901. wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 



4918. The method of claim 4901. further comprising allowing the portion to cool by 
introducing water to the portion: and removing the water from the formation as steam. 

4919. The method of claim 491 8, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4920. The method of claim 490 1 , wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

492 1 . The method of claim 490 1 . wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream from the formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of the adsorbed carbon dioxide in the second stream. 

4922. The method of claim 4901. wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4923. The method of claim 4901, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4924. The method of claim 4901 . further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

, sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a eoal formation in 
situ, comprising: 

providing heat from one or more heat sources to at least a first portion of the 
5 formation; 

allowing the heat to transfer from one or more sources to a selected section of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some 
hydrocarbons within the selected section of the formation; 

producing pyrolyzation fluids, wherein the pyrolyzation fluids comprise carbon 
10 dioxide; and 

storing an amount of carbon dioxide in the formation, wherein the amount of 
stored carbon dioxide is equal to or greater than an amount of carbon dioxide within the 
pyrolyzation fluids. 

15 4926. The method of claim 4925. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

20 4927. The method of claim 4925, wherein the carbon dioxide is stored within a spent 
portion of the formation. 

4928. The method of claim 4925, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

25 

4929. The method of claim 4925. further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

30 4930. The method of claim 4925. further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid lor the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthesis gas upon introduction ot the 
synthesis gas generating fluid. 

493 1 . The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pytolyzation fluids, and using the carbon dioxide to displace 
hydrocarbon bed methane. 

4932. The method of claim 493 1 , wherein the hydrocarbon bed is a deep hydrocarbon 
bed located over 760 m below ground surface. 

4933. The method of claim 4931 , further comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 

4934. The method of claim 4925, further comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell. 

4935. The method of claim 4934. wherein the fuel ceil generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by the fuel cell within the formation. 

4936. The method of claim 4925, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which hydrocarbons have been produced, and wherein the spent portion of the 
formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. 

4937. The method of claim 4925. further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 



4938. The method of claim 4925. wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 

4939. The method of claim 4925. wherein producing fluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the selected section; and removing 
synthesis gas from the formation. 

4940. The method of claim 4939. wherein the temperature sufficient to generate 
synthesis gas ranges from about 400 °C to about 1200 °C. 

4941 . The method of claim 4939, wherein heating the selected section comprises 
introducing an oxidizing fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4942. The method of claim 4939, wherein heating the selected section comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation of the hydrocarbon material with an oxidant; 

introducing the oxidant to hydrocarbon material adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced heat to the portion. 

4943. The method of claim 4925. wherein the spent portion of the formation comprises 

a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4944. The method of claim 4925. wherein the one or more heat sources comprise 
electrical heaters. 

) 4945. The method of claim 4925. wherein the one or more heat sources comprise 
tlameless distributor combustors. 
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4946. The method of claim 4945, wherein a portion of fuel for .he one or more 
llameless dis.ribuw combuslors is obtained from the formation. 

4947. The method of elaim 4925, wherein the one or more hea, sources comprise heater 
wells in the formation through which hea. transfer fluid is circulated. 

4948. The me.h„d of claim 4947, wherein me hea. transfer fluid comprtses combustion 

products. 

4949. The method of claim 4947, wherein the hea, transfer fluid comprises steam. 

4950 The method of claim 4925, where.n condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portton of the 

produced fluids through a turbine. 

495, The method of clatm 4925. further comprising proving hea. from three or more 
hea, sources to a, leas, a portion of the formation, wherein three or more „, the heat 
sources are loca.ed in ,he formation in a uni, of hea, sources, and where.n ,he urn, o, hea, 

sources comprises a triangular pattern. 

4957 The melhod of claim 4925, further comprising providing hea, from three or more 
hea, sources ,0 at leas, a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni, of hea, sources, wherein ,hc urn, of hea, 

; sources comprises a triangular pattern, and where.n a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
4953 A method for to situ production of energy from a coal formation, comprising: 
providing heat from one or more heal sources ,o a, least a portion ot the 

0 formation: 
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allowing the heat to transfer from the one or more heat sourees to a selected 
seetion of the formation such that the heat from the one or more heat sourees pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation: 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products to a reformer to generate 

synthesis gas; 

producing the synthesis gas from the reformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electncitv, wherein the fuel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4954 The method of claim 4953, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4955. The method of claim 4953. whereir, at leas, a portton of the pyrolysis products are 
used as fuel in the reformer. 

4956. The method of claim 4953. wherem the synthesis gas comprises carbon dioxide 
and H 2 . 

4957. The method of claim 4953. wherein the subsurface formation is a spent portion of 
the formation. 

4958. The method of claim 4953. wherein the subsurface formation is an oil reservoir. 

4959. The method of claim 4958. wherein at least a portion of the carbon dioxide is used 
0 as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4960. The method of claim 4953. wherein the subsurface formation is a second coal 
formation. 

4961 . The method of claim 4960, wherein the second coal formation is located greater 
5 than about 760 m below ground surface. 

4962. The method of claim 4960, wherein at least a portion of the carbon dioxide is used 
to produce methane from the second coal formation. 

,0 4963. The method of claim 4962, further comprising sequestering at least a portion of 
the carbon dioxide within the second coal formation. 

4964. The method of claim 4953, wherein the reformer produces a reformer carbon 
dioxide containing exit stream. 

4965. The method of claim 4963, further comprising storing at least a portion of the 
carbon dioxide in the reformer carbon dioxide containing exit stream in the subsurface 
formation. 

20 4966. The method of claim 4965, wherein the subsurface formation is a spent portion of 
the formation. 

4967. The method of claim 4965, wherein the subsurface formation is an oil reservoir. 

, s 4968 The method of claim 4967. wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 

4969. The method of claim 4965. wherein the subsurface formation is a second coal 
30 formation. 
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497.) The me.hod of claim 4868. wherein a. leas, a portion of .he carbon diox.de in ,he 
reformer carbon dioxide con.aming exit stream is used ,o produce methane from .he 

second coal formation. 

5 497 . The me.hod of claim 4970. further comprising sequestering a, leas, a portion of 
the carbon dioxide in the reformer earbon dtoxide confining exit stream w.thtn ,he 
second coal formation. 

4972. The method of claim 4969. wherein the second coal formation is located greater 
1 1) than about 760 m below ground surface. 

4973. The me.hod of claim 4953. wherein the fuel cell is a molten carbonate fuel cell. 

4974. The me.hod of claim 4953. wherein the fuel cell is a solid oxide fuel cell. 

4975. The me.hod of claim 4953. further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 

4976. The method of claim 4953. further composing using a portion of the produced 
20 pyrolysis products as a feed stream for the fuel cell. 

4,77. The method of e.aim 4953. wherein the one or more hea, sources comprise one or 
more electrical heaters disposed in the formation. 

„ 4978. The method of claim 4953. wherein the one or more hea. sources comprise one or 
more flamcless distributor combustors disposed in the formation. 

4979. The method of e,a,m 4978. wheretn a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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49*) The method ofcWm 4053. wherein .he one or more he* purees compnsc one or 
more hearer wells, wherc.n a. to. one hearer well comprises a conduit disposed w,,h,n 
,he fomrat.on. and further comprtsmg hearing lire eondui, by flow.ng a hot fluid rhrough 

the conduit. 

4981. The method of claim 4953, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4982. A method for producing ammonia using a coal formation, comprising: 
separating air to produce an 0 2 rich stream and a N 2 rich stream: 

heating a selected section of the formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

proyiding synthesis gas generating fluid and at least a portion of the 0 2 rich 
stream to the selected section; 

allowing Ihe synthesis gas generatnrg fluid and 0 3 in the 0 2 rich stream to reae, 
with at leas, a portion of .he hydrocarbon material in the formation to generate synthes.s 
cas: 

producing synthesis gas from .he formation, wherein the synthesis gas composes 

Hi and CO; . 
providing a. least a portion of the H : in the synthesis gas to an ammonta synthesrs 

process; 

providing N 2 to the ammonia synthesis process: and 
using the ammonia synthesis process to generate ammonia. 

4983. The method of claim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process is approximately 3:1 . 

4984 The method of claim 4982. wherein the ratio of the H 2 to N 2 prov ided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1 . 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5 4986. The method of claim 4982. further comprising separating at least a portion of 
carbon dioxide in the sy nthesis gas from at least a portion of the synthesis gas. 

4987. The method of claim 4986. wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

4988. The method of claim 4987. further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 

4989. The method of claim 4982, wherein at least a portion of the N 2 stream is used to 
,5 condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 4982. wherein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

20 4991 . The method of claim 4982. wherein the air is separated by cryogenic distillation. 
4992. The method of claim 4982. wherein the air is separated by membrane separation. 

4993 The method of claim 4982, wherein fluids produced during pyrolysis of a coal 
25 formation comprise ammonia and. further comprising adding at least a portion of such 

ammonia to the ammonia generated from the ammonia sy nthesis process. 

4994 The method of claim 4982. wherein fluids produced during pyrolysis of a coal 
formation are hvdrotreatcd and at least some ammonia is produced during hydrotreating. 

30 and. further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



W . The method o. "claim 4982. further comprising proving a, leas, a portion of .he 
ammonia 10 a urea synthesis process to produce urea. 

4996 The method of Cairn 4982, further comprising providing at ,eas, a portion of the 
amntonta to a urea synthesis process to produce urea and. further comprising provrdmg 
carbon dioxide from the formation to the urea synthests process. 

4997 The method of claim 4982. further comprising providtng a, leas, a portion of the 
ammonia to a urea synthesis process to produce urea and. further comprising sh.ft.ng a, 
.cast a portion of the carbon monoxide to carbon diox.de in a shift process, and lurther 
comprising providing at leas, a portion of the carbo„d,ox,de from the shift process to the 
urea synthesis process. 

4998 The method of claim 4982, wherein heating the selected section of the Ration 
,o a temperature ,0 support reaction of hydrocarbon materia, in the format.on to form 

svnthesis gas comprises: 

' heatmg zones adjacent to wellbores of one or more hea, sources w.th heaters 
d ,s P osed in the wellbores. wherein the heaters are configured to raise temperatures o the 
zones to temperatures sufficient to support react.on of hydrocarbon material w.th.n 
zones with O, in the 0 2 rich stream: 

introducing the 0 : to the zones substantially by diffusion; 
allowing O, in the 0= rich stream to react with a. leas, a portion of the 
hvdrocarbon material within the zones ,0 produce heat in the zones: and 
, transferring heat from the zones to the selected section. 

49,9 The method of claim 4998. wherein .empcratures sufficient ,0 support react.on of 
Hydrocarbon with.n the zones w ith O, range from approximately 200 X .0 approx.mately 

1200 °C. 



5000. The method ordain, 4998. whe.cn the one or .ore he. source, comprises one 
or more electrical heaters disposed in the formation. 

5001. The method of claim 4998. wherein the one or more hea, sources comprises one 
or more natural distributor combustors. 

50 02 The method of claim 4998, wherein the one or more hea, sources comprise one or 
more heater wells, wherein a, leas, one hea.er well comprises a eondutt d.sposed wtthm 
the formatron. and further comprising heating the coudui, by flowing a ho, fluid through 

the conduit. 

5003. The method of Cairn 4998. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5004 The method of Cairn 4982. wherein heating the selected section of the formation 
t0 a temperature to support reaction of hydrocarbon material in the formation to form 

svnthesis gas comprises: 

introducing the 0 2 rich stream in,o the formation through a wellbore: 
transporting O, in the ft rich stream substantially by convection into the portion 
„ of the selected section, wherein the portion of ,he selected section is a, a temperature 
sufficient ,„ support an oxidization reaction wi,h 0 2 in the 0 2 rteh stream; and 

reacting the 0 2 within the portion of the selected section to generate heat and ra.se 
the temperature of the portion. 

„ 5005 The method of claim 5005. wherein the temperature sufficient to suppor, an 
„ xl di,a,,on reaction with (granges from approximately 200 K to approximately .200 



5006. The method of claim 5005. wherein the one or more hea, sources comprises one 
3„ or more electrical heaters disposed in the formation. 



5007. The method of claim 5005. wherein the one or more heat sources comprises one 
or more natural distributor coinbustors. 

5008. The method of claim 5005. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5009. The method of claim 5005. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5010. The method of claim 4 ( >82, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

501 1 . The method of claim 4 ( >82. wherein the synthesis gas generating fluid comprises 
liquid water. 

501 2. The method of claim 4^82, wherein the synthesis gas generating fluid comprises 
steam. 

5013. The method of claim 4 ( )82. wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

5014. The method of claim 5013. wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



50 1 5. The method of claim 4982. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts w ith carbon in the 
formation to generate carbon monoxide. 

5 5016. The method of claim 501 5. wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

501 7. The method of claim 4982. wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 

10 formation to allow water to flow into the at least the portion of the selected section. 

5018. A method for producing ammonia using a coal formation, comprising: 
generating a first ammonia feed stream from a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation. 

15 wherein the second ammonia feed stream has a H 2 to N2 ratio greater than a II2 to N 2 ratio 
of the first ammonia feed stream; 

blending at least a portion of the first ammonia feed stream w ith at least a portion 
of the second ammonia feed stream to produce a blended ammonia feed stream having a 
selected H 2 to N 2 ratio; 

20 providing the blended ammonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

5019. The method of claim 5018. wherein the selected ratio is approximately 3:1. 

25 5020. The method of claim 501 8, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2: 1 . 

502 1 . The method of claim 501 8. further comprising separating at least a portion of 
carbon dioxide in the first ammonia feed stream from at least a portion of the first 
30 ammonia feed stream. 
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5022. The method of claim 5021, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5023. The method of claim 5022. further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5024. The method of claim 501 8, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream from at least a portion of the blended 
ammonia feed stream. 

5025. The method of claim 5024. wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5027. The method of claim 501 8. further comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feed stream. 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5029. The method of claim 5028, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 



5030. The method of claim 501 8. wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and. further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 




503 1 . The method of claim 501 8. wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating. 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5032. The method of claim 5018, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5033. The method of claim 501 8. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and. further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5034. The method of claim 501 8. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 

5035. A method for producing ammonia using a coal formation, comprising: 
heating a selected section of the formation to a temperature sufficient to support 

reaction of hydrocarbon material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an 0 2 rich stream to the selected 
section, wherein the amount of N 2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H: to N 2 ; 

allowing the synthesis gas generating fluid and 0 2 in the 0 2 rich stream to react 
with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas having a selected ratio of 1 l 2 to N 2 : 

producing the synthesis gas from the formation; 

providing at least a portion of the H 2 and N 2 in the synthesis gas to an ammonia 
synthesis process; 

using the ammonia synthesis process to generate ammonia. 
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5036. The method of claim 5035. further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected \h to 
N 2 ratio. 

5037. The method of claim 5035, wherein the selected ratio is approximately 3:1 . 

5038. The method of claim 5035. wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. 

10 

5039. The method of claim 5035. wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

15 5040. The method of claim 5035. w herein the O? stream and N 2 stream are obtained by 
cryogenic separation of air. 

5041 . The method of claim 5035. wherein the 0 2 stream and N 2 stream are obtained by 
membrane separation of air. 

20 

5042. The method of claim 5035, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5043. The method of claim 5042. wherein the carbon dioxide is separated from the 
25 synthesis gas by an amine separator. 

5044. The method of claim 5043. further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 
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5045. The method of claim 5035. wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and. further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating. 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 

5047. The method of claim 5035. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5048. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5049. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea svnthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 

5050. The method of claim 5035, wherein heating a selected section of the formation to 
a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores. wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material w ithin the 
zones with 0 2 in the 0 2 rich stream: 
j introducing the 0 2 to the zones substantially by diffusion: 



\ 
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allowing () 2 in the 0 2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the /.ones; and 
transferring heat from the zones to the selected section. 

5051 The method of claim 5050. wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zones with 0 2 range from approximately 200 °C to 
approximately 1200 °C. 

5052. The method ofcla.m 5050, wherein the one or more hea, purees comprises one 
or more eleclrical heaters disposed in the formation. 

5053. The method of claim 5050. wherein the one or more hea. sources comprises one 

or more natural distributor combustors. 

5054 The method of claim 5050. wherein the one or more hea. sources comprise one or 
more hea.er wells, wherein a, leas, one heater well comprises a conduit disposed wtthtn 
the fonnatton. and further comprising heatmg the conduit by flowing a ho, fluid through 
the conduit. 

5055, The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more hea, sources. 

,056 The method of claim 5035, wherein heating the selected section of the formation 
,0 a temperature to support reaction of hydrocarbon materia, in the formation to torn, 
svnthesis gas comprises: 

introducing the O, rich stream tnlo the formation through a wellbore: 
transporting O, in the 0 ; rich stream substantially by convection into the portton 
of the selected section, where,,, the portion of the selected section is a, a ,cmpe,ature 
sufficient to support an oxidization reaction with 0j in the O: rich stream: and 

reacting the 0 2 w ith.n ,he portion of ,he selected section to generate hea, and ra.se 
the temperature of the portion. 




5057. The method of claim 5050. wherein the temperature sufficient to support an 
oxidization reaction with () 2 ranges from approximately 200 °C to approximately 1200 
°C. 

5 

5058. The method of claim 5050. wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5059. The method of claim 5050, wherein the one or more heat sources comprises one 
10 or more natural distributor combustors. 

5000. The method of claim 5050. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
15 the conduit. 

506 1 . The method of claim 5050. further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

20 5002. The method of claim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

25 5063. The method of claim 5035. w herein the synthesis gas generating fluid comprises 
liquid water. 

5004. The method of claim 5035. wherein the synthesis gas generating fluid comprises 
steam. 

30 




5065. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
water and carbon diox.de. wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

5066. The method of claim 5065. wherein a portion of the carbon diox.de within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5067 The method of claim 5035, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5068. The method of claim 5067. wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5069. The method of claim 5035, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5070. A method for producing ammonia using a coal formation, comprising: 
providing a first stream comprising N 2 and carbon dioxide to the formation; 
allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 

formation; 

producing a second stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of the N 2 in the second stream to an ammonia 
synthesis process. 

5071 . The method of claim 5070. wherein the second stream comprises H 2 from the 
formation. 




5072. The method of claim 5070. wherein the first stream is produced from the coal 
formation. 

5073. The method of claim 5072. wherein the first stream is generated by reacting a 
5 oxidizing fluid with hydrocarbon material in the formation. 

5074. The method of claim 5070, wherein the second stream comprises If from the 
formation and, further comprising providing such ff to the ammonia synthesis process. 

10 5075. The method of claim 5070. further comprising using the ammonia synthesis 
process to generate ammonia. 

5076. The method of claim 5075, w herein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 

15 ammonia to the ammonia generated from the ammonia synthesis process. 

5077. The method of claim 5075. wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating. 
and further comprising adding at least a portion of such ammonia to the ammonia 

20 generated from the ammonia synthesis process. 

5078. The method of claim 5075. further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

25 5079. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and. further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 



5080. The method of claim 5075. further comprising providing at least a portion of the 
30 ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 




p rl ,ccss. and further comprising provide a, leas, a porno,, of the carton dioxide Iron, 
Ihc shirt process 10 the urea synthesis process. 

508! A method lor treating hydrocarbons ,n a, leas, a portion of a coal formation, 
wherem the portion has an average permeabil.ty of less than about .0 millidarcy. 

comprising: 

providing heat from one or more heat sources to the formauom 
allowing the heat ,0 transfer from the one or more hea, sources to a selected 
section of the formation such that heat from the hea, sources pvrolyzes at leas, some 
hvdrocarbons within the selected section, and wherein hea, from the hea, sources 
increases ,he permeabili.y of a, least a portion of the selected sect.on; and 
producing a mixture comprising hydrocarbons from the formation. 

5082 The method of claim 5081, wherein the one or more heat sources comprise a, 
,eas, .wo hea, sources, and wherein superposition of hea, from a, leas, the ,w„ hea, 
sources pvrolyzes a, leas, some hydrocarbons within ,he seleced section of ,he 
formal io, and whercn superposi.ion of hea, from a, leas, ,he two heat sources increases 
the permeability of a, least the portion of the selected section. 

5083 The method of claim 5081 , further comprising allowing hea, ,0 transfer from a, 
least one of the one or more hea, sources ,0 ,he selected section ,0 crea.e .herma, 
frac ,ures in the formation wherein ,he thermal fractures substantially increase the 
permeability of the selected section. 

, 5084 Themethod„fcla,m 508,.wherein,hehea,isprovid e dsuch,ha,anaverage 

' ,empera,ure,n,hese,e^ 

°c. 

5085. The me.hod of claim 5081. where,,, a, leas, one of the one or more hea. sources 
.0 comprises an electrical heater located ,n the formation. 



5086. 1 he method of claim 508 1 . wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. ' 

5 

5087. The method of claim 5081, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5088. The method of claim 5081. further comprising: 

0 monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5089. The method of claim 5088. wherein the pressure is controlled by a valve 
5 proximate to a location where the mixture is produced. 

5090. The method of claim 5088. wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

0 

509 1 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy. 
comprising: 

providing heat from one or more heat sources to the formation: 
5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vaporizes at least a portion of the hydrocarbons in the selected section: 
and 

0 producing a mixture comprising hydrocarbons from the formation. 
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5092. The method of claim 509 1 . wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons w ithin the selected section of the 
formation, and w herein superposition of heat from at least the two heat sources vaporizes 

5 at least the portion of the hydrocarbons in the selected section. 

5093. The method of claim 509 1 , further comprising allow ing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 

10 permeability of the selected section. 

5094. The method of claim 5091 , wherein the heat is provided such that an av erage 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 

15 

5095. The method of claim 5091, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5096. The method of claim 5091 . wherein at least one of the one or more heat sources is 
20 located in a heater well, and wherein at least one of the heater wells comprises a conduit 

located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5097. The method of claim 5091. w herein at least some of the heat sources are arranged 
25 in a triangular pattern. 

5098. The method of claim 5091, further comprising: 
monitoring a composition of the produced mixture: and 

controlling a pressure in at least a portion of the formation to control the composition of 
30 the produced mixture. 
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5099. The method of claim 5098. wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5 100. The method of claim 5098. wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 



5101. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability ofless than about 10 millidarcy. 
10 comprising: 

providing heat from one or more heat sources to the formation, wherein at least 
one of the one or more heat sources is located in a heater well; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
1 5 hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more of the heater sources. 



20 5 1 02. The method of claim 5101, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



25 5 1 03. The method of claim 5101. further comprising producing fluid from at least one 
of the one or more heat sources. 



5104. The method of claim 5101. further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 



5 105. The method of claim 5101. wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 

°C. 

5 106. The method of claim 5101, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5107. The method of claim 5101, wherein at least one of the one or more heat sources is 
10 located in a heater well, and wherein at least one of the heater wells comprises a conduit 

located in the formation, and further comprising heating the conduit by 11 owing a hot 
fluid through the conduit. 

5108. The method of claim 5101, wherein at least some of the heat sources are arranged 
15 in a triangular pattern. 

5 109. The method of claim 5101. further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
20 composition of the produced mixture. 

5110. The method of claim 5 1 09, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

25 51 1 1. The method of claim 5 1 09, w herein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 





Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy. 



comprising: 



providing heat from one or more heat sources to the formation: 



allowing the heat to transfer from the one or more heat sources to a selected first 
section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from the one or more heat sources to a selected second 
10 section of the formation such that heat from the heat sources heats at least some 

hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zone; and 



15 5113. The method of claim 5112, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 

20 average temperature within the pyrolysis zone. 

5114. The method of claim 5112. wherein at least some heated hydrocarbons w ithin the 
selected second section flow into the pyrolysis zone. 

25 51 15. The method of claim 5112. wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 

5116. The method of claim 5112. further comprising allow ing heat to transfer from at 
least one of the one or more heat sources to the selected first section to create thermal 
30 fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected first section. 



producing a mixture comprising hydrocarbons from the formation. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected second section. 

5118. The method of claim 5112. wherein the heat is provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
400 °C. 

5119. The method of claim 5112. wherein the heat is prov ided such that an average 
temperature in the selected second section ranges from approximately about 1 SO n C to 
about 250 °C. 

5120. The method of claim 5112. wherein a viscosity of at least some of the 
hydrocarbons in the selected second section ranges from approximately about 20 
centipoise to about 1000 centipoise. 

5121. The method of claim 5112, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 

5122. The method of claim 5112. wherein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5 1 23. The method of claim 5112. further comprising: 
monitoring a composition of the produced mixture: and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 
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5 1 24. The method of claim 5 1 23. wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5 125. The method of claim 5123. w herein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5 1 26. The method of claim 5 1 22, wherein the pressure in the selected second section is 
substantially greater than the pressure in the selected first section. 

5127. The method of claim 5112. wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5 128. The method of claim 5112, wherein an average distance between heat sources in 
the selected first section is less than an average distance between heat sources in the 
selected second section. 

5 1 29. The method of claim 513 2. wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5 1 30. The method of claim 5112. wherein the selected first section comprises at least 
one production well. 

5131. The method of claim 5112. wherein the selected first section comprises a planar 
region. 

5 1 32. The method of claim 5112. w herein at least one row of the heat sources provides 
heat to the planar region. 

5133. The method of claim 5112. w herein at least one ring comprising the heat sources 
provides heat to the selected first section. 
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5 1 34. The method of claim 5 1 33. wherein at least one ring comprising the heat sources 
provides heat to the selected second section. 

5 5135. The method of claim 5133. wherein the ring comprises a polygon. 

5136. The method of claim 5133. w herein the ring comprises a regular polygon. 

5137. The method of claim 5133. wherein the ring comprises a hexagon. 

10 

5138. The method of claim 5133. wherein the ring comprises a triangle. 

5139. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy. 

15 comprising: 

providing heat from three or more heat sources to the formation; 
allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyz.es at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
20 arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 

5 1 40. The method of claim 5139. wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons w ithin the selected section of the 

25 formation. 

5141 . The method of claim 5139. wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 

30 5142. The method of claim 5139. further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
\ 




fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 

5143. The method of claim 5139, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 

°C. 

5144. The method of claim 5 139, wherein at least one of the one or more heat sources 
comprises a electrical heater located in the formation. 

5145. The method of claim 5139. w herein at least one of the one or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 

5146. The method of claim 5 139, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5147. The method of claim 5139. further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5148. The method of claim 5147. wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5149. The method of claim 5147. wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location w here the fluid is produced. 
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